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l^'o reword 



A piipiTs cxpciicficcs between (he ages of* ! I ai\d 16 piohahl}' shape his 
nllinuKe \'ie\v ol'^eience and of (he natural woi kl. Dining (hesc yeais 
nu).s( )()uni;sters !*ieeome nync :}dept al lljinking ec)neep(nall}'. Sniee, 
eoiieepls are at the lieart ol\seience, this is ihe age a( wliieh nu>s( sui- 
(.lents (list gain^the ahihly to siiidy seienee in a really organized \Na\. 
Jlere, too, the eoniniitnient for or against seienee as^an iniercs( or a 
voeaiion is Often nuule. 

Paradoxieally, the stiidcnis at this eritieal age ha\'e been (he v)nes 
least aileeied by (he; rceen( ciVoia (o prodtiec new seienee insdueiional 
nialerials. Dcspi(c a number ol^ eomniendahle elloris lo improve (he 
situation, die middle years stand today as a' eomparatively weak link in 
seienee edueation between the rapidly ehanging elementaiy eurrieuliun 
and the recend^^e vitalized high sehool seienee eoiiiscs. This \'ohime 
and its aep^rtfipaQyiiig materials represent one attempt to pro\'ide a 
sdujid^^fpproaeh to instruetio!i for this relatively uneharted le\'el. 

'Ihe outset the organizers of the ISCS Projeel decided that it 
. would be shortsighted and unw'ise to try (o (ill the gap in middle 
school .seienee education by simply wr iting anothei , textbook. We ehose 
-instead to challenge some of the most fumly established concepts*, 
about how to teach and just w^hat science niaterial can and should be 
taught lo adolespents. The !SCS slafl' have tended to mistrust what 
Authorities believe.-about schools, teachers, chilcjreii, and tciiehing until 
" Wc have had the chance to .test these assumptions in actual classrooms 
with real childien. /Vs.. conflicts have ari.^en, our policy 'hai> been to rely 
mote upon what we saw happening in the schools than upon what 
authorities said ccfuld or would happen, ft is largely because of this 
policy that the ISCS materials rcpi^esent a substantia! departure from 
the norm/ • , 

'The primary. ditVerencc between the ISCS program and more coiV 
ventional approaches is the fact that it allows each student to travel 
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a! his own pace, and it permits the scope and sequence of instruction 
to vary with his interests, abihties, and background. The ISCS writers 
have systematically tried to give the student rfiore of a role in deciding 
what ht should study next and how .<ooh he should study it. When the 
materials are used as intended, the ISCS teacher serves more as a 
**task easer'* th^H a '*task masf^." It is his job to help the student 
answer the questions that arise from his own study rather than to try 
to anticipate and package what the student needs to know. 
• There is nothing radically new in the ISCS approach to instruction. 
Oqtstanding teachers from Sotrates to Mark Hopkins have stressed the 
need to personalize education. ISCS h^ tried to do something more 
than pay Up service to this goal. ISCS* n^jor contribution has been to 
design a system whereby an average teacher, operating under normid 
consy-aints, in an ordinary classroom with ordinary children, ca*i ill- 
deed gi>e maximum attention to each student*s progress. 

Jhe development of the ISCS material has been a group effort froin 
the outset. It began in^ 1962, when outstanding educators met to decide 
what might be done to improve middle-grade science teaching. The 
recommendations of these conferences were converted into a tentative 
plati for 9 set of instructional materials by a small group of Florida^ 
State University facjiilty members. Small-scale writing sessions Ot>n-T 
ducted on the Florida State campus during 1964 and 1965 resulted in V 
pilot curriculum materials that were tested in selected Florid^ schools ^ 
during the 1965-^66 school year. All ^his preliminary work was sup-:^ 
ported by funds generously provided by The Florida State University. 

In June of 1966, financial support was provided by the United States 
Office of Education, and the preliminary effort was formalized into 
the ISCS Project. Later, the National Science FoiiBth^tfoh made sev- 
eral additional grants in support of the ISCS effort. ' ^ . ' 

The first draft of these materials was produced in 1968, during a 
summer writingv conference. The conferees >yere scientists, science 
educators, and junior high school teachers drawn from all over the 
United States. The origii)aI materials have been revised three times 
prior to their publication in this volume. More than 150 writers have 
contributed to the materials, and more than 180^000 children, in 46 
states, have been involved in their field teisting. 

We sincerely hope that the teachers and students who will use this 
material mil find that the ^reat amount of time, money, and effort 
that has gone into its developftient has been worthwhile. 

Tallahassee, Florida The Directors 

February 1972 intermediate science curriculum STUDY 
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Notes to the Student 



The word science means a lot of things. All of the meanings are "right,** 
but none arc* complete. Science is many things and is hard to de- 
scribe in a few words. 

We wrote this book to help you understand what science is and what 
scientists do. We have chosen to show you these things instead of 
describing them with words. The book describes a series of things for 
you to do and think about. We hope that what you do will^Ip you 
learn a good deal about nature and that you will get a feel for^ltow 
scientists tackle problems. - n,^ 

How is this book different from other textbooks? ^ 

This book is probably not like your other textbooks. To make any 
sense out of it, you must work with objects and substances. You should 
do the things described, think about them, and then answer any ques- 
tions asketi. Be sure you answer each question as you come to it. 

The questions in the book are very important. They are asked for 
three reasons: 

1. To help you to think through, what you see.and do. 

2. To let you know whether or not you understand, what you've done. 

3. To give you a record of what you have done so that you can 
use it for review. / 

^ How will your class be organized? 

Your science plass will probably be quite different from your other 
classes. This book will let you start work with, less help than usual 
from your teacher. You should begin each day s work whe;i ^ou left 
off the day before. Any equipment and supplies needed Will be wait- 
vHI ing for you. o 



Your teacher will not read to you or tell you the- things that you wrc 
to Ic^m. Instead, he will help you and your classmates individually. 

to work ahead on your own. If you have trouble,, first try to 
solvfe the problem for yourseltu Don't ask your teacher for help until 
you really need it. Do not expect him to give you the answers to the 
questions in the bpok. Y9ur teacher will try t6 help you find where 
and how you went wjong, but he will not do your work for you. 

After a few days, some of your classmates will be ahead of you a^d - 
olhers will not be as far along. This is the way the course is supposed 

tq work. Remember, though, that there will be no prizes for finishirig 

first. Work at whatever speed is best for you. DirMre^ure you under- 
stand what you have done before moving on. 

Exciireions'a^^^^ 

are found at the back of the book. You may stop and do any excursion 
that looks interestirtg or any that you fe.el will help you. <Some ex- 
cursions will help you do some of the activities in .this book.) Spme- 
times, your teacher may ask you to do an excursion. 

What am I expected to learn? - • , ' ' '" ' ^ 

During the <7tfSr, you will work very much as a scientist does. You . 
should leam a lot of worthwhile information. More important, we 
hope that you will learii how to ask and answer- questions about 
nature. Keep in mind that learning how to find answers to questions is 
just as valuable as learning the answers themselves, ' ^ . . 

Keep the big picture in inind^ fto. Each chapter builds on ideas 
already dealt with. These ideas add up to some of the simple but 
powerful concepts that are so important in science. If you are given a 
Student Record Book, do all your writing in it. Do not wriie in this 
book the your Record Book for making graphs, tables, and diagrams, 
too. . ^ ' 

From time to time you may notice that your classmates have , not 
always given the same answers that you did. This is no cause for 
worry. There are many right answers to some of the questions. And 
in some cases y^u may not be abje to answer the questions. As a 
matter of factpm) one knows the answers to some of them. This may 
seem disappcJintiitg to you at first, but you will soon realize that there 
is much that science does not know. In this course, you will leam 
some of the things we don't know as well as what is known. Good luck! 




Air Has Its 
Ups and Downs 




Chapter 1 



Excursion 1-1 is koyec) to this cliaptei. 

Hqw would you like (o be able k> explain the foriiiation of 
a giant thundercloud like the one shown on the facing page? 
''A tough job," you say. Perhaps, but not impossible. To do 
it, you'll need to find out a few tli^ings about air, water, heat, 
and the earth's surface. You'll need to know how these varia- 
bles interact to produce changes in the earth's atmosphere. 
These atmospheric changes are what-we call "weather." Of 
course there is more to weather than a thundercloud. How- 
ever, old cumulo,nimbus is an' exciting fellow. * 

'^I^.^*'^*^'^ find out how w^^rm and cold surfaccvS 
affect air. You will need' to make {in observation box if one 
isn't already available. To do this, you'll need the Ibllowing 
materials: . , \ ' • 

1 cardboard box (about 30 cm x 30;cm x 50 cm) 
Clear plastic food wrap - 
• Plastic tape 
: I plastic straw 




ACTIVITY 1-1. Remove on^ side of the box; then cut a window 
\n two sides as shown. But leave about ^ of the lop Intact. 
Tape plastic food wrap over the windows so that they are 
Airtight. In one end of the box, cut a small hole just large 
enough to insert a plastic straw. 



Do not 
cut out. 




Tapo 



PlasMc 

food, 

wrap 



Studying the behavior of- air is a bit dillicult because air 
h a mixluro of invisible gases. One way to study air is to 
add smoke particles to it. By watching what liappens.to the 
smoke, you can decide what invisible air is doing, 'rhe next 
activities will suggest a simplc^way to collect some smoke. 
You will need the following: , 

1 large air piston 
1 plastic straw ■ 

Heavy cotton string, .12 cm long 
Matches 



Scissors 
Baby- food jar 
of tap water 




•4-5 cm- 



Ploco 
of straw" 



V2 cm 
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yO^CTIVITY 1-2. Cut the straw Into 4- to 5-cm lengths. Cut the 
string into length's of about 4 cni.r Double one of the pieces 
of string twice or more until it will fit snugiy in the end of 
^ piece of the plastic straw. Leave about ^ cm of the doubled 
string sticking out of the straw. Repeat the procedure for the 
other pieces. 




ACTIVITY 1-3. Slip a section of tho prfepafed straw onto the 
qir piston,. Light the string, being careful not to^nelt the straw. 
Collect amoke In the cylinder by sloyvly drawing out the 
plunger.. Remove the straw ancThiY ^slde where it won't^urn 
anything. You may need more smoke later. J 



Now arc ready to sec how warii^^aiul cold surtaces 
atVccraTi^You will use your observation box and (he smoke 
you collccteii in Activity 1-3.. 

ACTIVITY 1-4. Place a pan of cold water (ice water or even 
ice cubes if possible) irisJde the observation box. Be sure the 
straw is In place through the end of the box. The end of the 
straw should not be over the pan of water. 




ACTIVITY 1-5. Insert a smoke-filled air piston Into the straw 
of the observation box. Gently force smoke through the straw 
Into the box so that It move^^very slowly oyer the cold water. 
Observe what happens to the smoke. 



Air 

piston 




□ 1-1. Describe what l)appci)etl to the Muokc ;us it luovcci 
into the l egio!^ above the cold .sin lace. 

Repeat Activities 1-3, l-^K and 1-5 usljii^a pan of hot wyter. 
But don't throw away the ice. Other students may need it. 

□ 1-2. Describe what happened lo the smoke as ii moved ' ^ 
into the regio;> above tlie warm surface. 

ll^.you studied Volume I or Vohime 2 oiMhe I S(\S program, 

you learned that a change in motion o!^ somethyT^; occurs 
oi^ly if a force is acting upon it, 

□ 1-3. How do'you know that some force acts on the smoke 
as it moves into' the region above the w'Km or the. cold 
surface? '^'^ ' . . 

^Mgure 1-1 illustrates the smoke-lillcd airvas'it moves above 
ythc surface ofahe cold and the hot water. 



\ 



f^igure 1-1 




Cold wntor 



Hot water 



□ 1-4, In b'igure M of your Record Book, draw arrows 
indicating the c 
smoke streams. 



indicating the direction of the force. acting on each of the 



The upward motion of the smoke above the warm surface 
suggests that the air is rising. 1 his updrafl pushes the smoke 



along with it. 
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□ 1-5. Wh^rdoes the ,smoke movement tell you about the 
motion of aif over a cold surface? ^ • 




'Mjc vcriieal (up-aiui-clown) niovcincnl of air is very iiur. 
portant in producing 'Weather changes. Ihil.. how can (his 
motion be explained'.^ I^ulling an activity together with Ihc 
particle model from ISCS' Volume I can help. ' 

Get a partner and the following malenals for this activiiy: 

I pcgboard balance rod 

1 wire support for rod ^ 

2.small paper bag^s bf equal size 

2 thumbtacks of equal size 

— J .alcohol burner ^ ; . 

. Matches 

ACTIVITY 1-6. Set up the balance rod aCd wire support^as 
shown. Fast^ the twCipaper bags to the balance rod^ using 
, the thumbtacks. Balance the rod by moving the sliding clip. 
VVith^he rod held stationary as shown, hold a lighted alfcbhol 
burner about 15.jcm below the open end of the bag on the 



Caution Be careful not lo Id ihc (rai^ ccuch fire! Keep' ihc 
htir/icriin(/er!/icha^JorJO..\crfl/i(/\. 

ACTIVITY 1-7. Remove the burner, extinguish it, and gently 
let go d) the bar. Observe |he bag for several minutes^ 




Balance 
rod 



Alcohol 
burner 



□ 1-6. Describe your pbserviftions. from Activity 1-7. 

ni-7. According to your obscFvatioU'j, which has (he gieatei i 
mass, the bag .of warm air or the bag o| coo! air? 
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lie piyilKlc model loi mnUn liom \ohime I ol MSCS 
siiggcsled llial hoMling a substaiR-c causes ihe parlieles of the 
subsjancc (o spicaci (anher apail. Tluis, (he paiiieles m \v;>rm 
air e\in bo thouglit of as raillier apai i than the partieles 
coo! iwr. Tbis idea is illusdated in biguie 1-2. 



in 



Figure 1-2 



Partlclos close togottier 



Particles (ai apait 



Cool air 



Warm air 



□ 1-8. Tbc bags shown in iMgure .1-2 have (he same volume. 
Which ha.s more gas particles per volume? 

U seems reasonable lo ihink lhal ihe bag with the greater 
number of air particles will have mure ma.ss and . therefore 
be heavier than the bag with fc\ver particles. Because the 
bag of warm air is lighter than the bag of eool air, it is pushed 
upward by the heavier, cooler air that surrounds 'il. It be- 
haves somewhat like a cork (hat is held under the surface 
of a liquid, .lust as the heavier surrounding water pushes the 
cork up^hen it is i:eleased,.so also the surrounding -heavier 
air pushes the lighter, warm air up (Figure 1-3). 




V 



Balloons of all sixes, sonic carrying animals aiul fnachincs, 
ha\'c been pro|uHlod upward by the lift of lu^l gases. Man's 
first llights into space were aboard such ho)t-air crafts. Vcv- 
haps you\l like to tiy niakuig your own balloon. !f so, gel 
a partner and get going on Excursion 1-1. 

I hc fact that warm air rises and cool air descends will 
prove to be very important in helj^ing^you explain weather 
conditions. 

how is the air cooled or warmed? Is it a result of 
sunlight, or the lack of it2.J-)ocs the earth's surface have 

anything -to do with this cooling and warming? - 

Gci a couple of partners to help you (ind the answers to 
these questions. Your team will need the following equip- 
ment: 

5 Styrofoam cups 
5 thermomQters 

Scissors 

I Hoodlamp (or 150 watt bulb) 
Water ^ room temperature 
Dry sand 

I'inely crushed dry charcoal 

ACTIVITY 1-8. Carefully cut the tops^off the five cups about 
3 crn from the l>ottom. Save both tops and bottoms of the 
cups. • 

' Tops 



0 Q 




ACTIVITY^ 1-9. Fill one cmp wl(h water at room temperature, 
one with dry sand, one with yvet sand, one with dry crushed 
charcoal, and one with wet crushed charcoal. Arrange the 
cups in a circle. ^Drysand 



Water 



Wet charcoal 




Wet sand 



Dry charcoal 
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ACTIVITY i-IO.Npiace a thermometer in each cWitainer. Each 
thermometer bulb shoi^lcf be covered by no moJe than ] cm of 
material. ^ ^ ^ 2 



Thonnometory 



WatoA 



Wet 

charcoal 



ACTIVITY 1-11, Hang a 150-wa 




t bulb abqut 30 cm above the 



center of the circle >)f containers. Don't turn the light on until 
you have recorded the initial temperature far 4ach container. 
Record your readings in Temple 1-1 of your Record Book. 




Floodlamp or 
160-watt bulb 




; .Temp.orauiros should bo taken K 3. aiKl.5 ininuics afici 
^ Mhejighf'is iiirnod on. Then again 5 minures ;arter ihe Uoht 




Table 1-i 



/ 



. Dry sand 
Wc( sand . 
Dry chaicon! 
Wot chajcoa! 



Light on in 
HcgrnTiingDr 
' txpcrinicni 



Lighy-lurncd On 



i Minute 



3 Minu!os 



After 



Graph the data Horn Tablc^ !-l on F,o^„e \-4 of your 
Kccord Book. On ;it^,aph, each of the^ive .cts of data 
should be repres^d by a~diirerent line (sec key). Number 
^ ^hc temperature^,, lef, so that the beginnin^tcuipera- 
/ tures are near kF/ottom hue and the highest temperature 
^ // cached. m any m^fTerial is near the top. Remember that the 
» empcrature divisions oH.the lines must represent equal 
' degree inttMvals, ' . • * 



o 

o 



O 
& 



4 : 5 ^ 
Time (in minutes) 



Ligiu on'- -f 

AHer 5 iVIinuics 
- Cod) in g -r- 



Figure 1-4 



Key 



Water 



Dry sand 



Wet sand 



Dry charcoal 



Wet charcoal 
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The sajnc light shone cc]i!ally on all (he materials for (he 
same period of time, ^et (he (enipt^atine of some materials 
inereasecl mpre (han (he (emperadue ofodiers. 

ni-'S. or the dry ma(lM-ials, which sh(:)ts'ed (4ie grea(cr (em- 
^ ' pcradiTc ehaiige, (he da!;k (chareoal) or ihe light (sand)? 

\ . Whieh eoolcd faster? v 

ni-10. or the \ve( solids, whieh showed the greater tehiper- 
•^1:- alurc inerease? • 

"^ " ■ / ^ ' ' ' / ' 

Ut'1J_^JQLd„Llil:_iJj.y^ .^^^^^^^ jiiore temperature increase - 

than (he same solid when wef*? 

n □1-12. Did (he (empcratmc of (he wa(er inerease as much 

as the temperature of the solids?' . 

□ 1-13. When -the light was turned ofV, which>or the sub- 
stances cooled the nuist in 5 niiiuite.s? 

This last investigation you did should have made a couple 
of things ratljcr obvious: 

I. When light reaches .a surfaee, the temperature of thai, 
) surface will increase, ■ 

) 2. DifVerenI kind.s of surfaces show dilVerent rajes of heat- 

ing and cooling. ^ - ' < 

. ^. It'^is reasonable to expect that the air above the earth's 

J : surface' wilLbe warmed or eool\:d by thiu surface. - 




"^^^^^^^ - W \ ■ - Cooler air 



I'lOin iimc to time in this' \uiil, you wiil bo asked to do 
what arc called Problem Breaks. 1*hese are problems iov you 
to solve, without much help from your book or from ji)ur 
teacher. 'The problems will usually help you uiuierstandV-^iat 
you are studying in the chapter. But that's not (heir major 
purpo.se. They are designed to give you practice in problem 
solving and in selling up your o\Vn experiments. You should 
try every problem break — even the lough ones. And in most 
cases you should have your, teacher approve your plan befora 
Irying it r'The^irst pToblcm' break 1n this -imrt^s comiitg up'' 



PROBLEM BREAK 1-1 

It has been suggested thai the air at difVereni points on 
ihc carih feccives difVerenl amounts of heal from the earth. 
The amount of heat depends on the kind of material lhal 
is beneath the air. Btil is this a reasonable idea? You can 
find out wiih a few measurcnicnls in the area around your 
.school. Design your owu plan for collecting dala."7\ .sugges- 
tion for preparing yeur ihernxomeler for ouldoor use follows. 



ACTIVITYJ-12. Bend a coal hanger as shown. This can be 
used as a thermometer support. 



Coat 
hanger 
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ACTIVITY 1-13. To Insulate the tfiermometer from winds oiil- 
doors, us« the bottom of a Styrofoarv cup. (You can use on^ 
of the cuF>s from Activity 1-9.) Then suspend the thermometer 
from the coat hanger as shown. 




Get permission from your leacfier (6 go outside lo locate 
at least (bur difTerent kincis of surface as close (dgelhcr as 
possible. Be sure to gel your lemperature measurements \n 
the same way al fcach pJiace, 

In the space provided in your Record Book, record your 
; plan, the data you collect, and your conclusions 

□ 1-14. Did the tcmperatureoftheoutsidcair vary, tlepending 
upon the surface under it? 

fhe temperature of the earth's surface can be expected., 
to have quite an-clfect on the up-and-down motion of the^ 
air above it. This air movement lias a great elVecl on weather, 
■■ : . It is thc^ first step in building the thundercloud mentioned 
. earlier. v 
f You might find it* interesting to know that up-and-down 
air has soi'^^e real eflects on aircraft. 
* ■ ' '^"^ . 

■ • ni-IS. Explain (he motion of the glider shown in Figure 
CHAPTER 1 . 1-5. 



Weather Watch 
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Everyone is interestedin the yveather, and almost evei,}'one 
tries to predict what' it wilPbe. Some folksf spend all their 
time studying weather patterns; These people are called me-, 
teorplogists. They want to be fiblc tQ explain weather 
changesfand they try to make'^accurate forecasts. 
• As you continue your study of this unit, you will do a bit 
of your own' weather forecasting. What you have learned 
^about air will help. Rut you will also need to collect data 
on daily weather conditions. To do 'this,' you need to establish 
a "weather, watch." -\ 

^^You will need a record of the daily weather in ylk^r city 
or town during^ period of ..about four weeks. To get this 
infojiTiation, you'll need to keep a weather watch— repeated 
clj.^cks of we^Xher instruments ; During your weather watch, 
you will nieSSure certain weather variables every day, in- 
cluding weekends: As far .a^p^^ measurements should 
be made at the sanie time each day;^ Most of the measure- 
ments will be made using an instrument like the one shown 
in Figure 2-1. Of, if your school has one, data can be col- 
lected from a weather statioh thai has several diflerent in- 



struments. 
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Figure 2-1 



Rain gaugo 



Thormomotor ^ . 

Indicate;') total rainfall 



Total ralnfalt 



indicates 
wind diroctloh 




Wind speed 



Indicates 
wind speed 
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In your Record Book, you ^vill (ind a wcatht^r-watch chart 
similar ,(o the one shown in Table 2-1. Keep your four-week 
weather-watch data in this chart. 

Here are some suggestions on how to make and retord 
your observations. . 

1. Date: Record the date you take your reading 

2. Time: Record the titne you take your reading. 

3. Read the temperature in degrees Fahrenheit to the 
n^earest degree on the weather-station thermometer.' 
Convert to dcgrecs/Celsivis. 

4. Wind direction: Use the wind direction on the weather 
sVdl'ion. Remember! Record the direction from which the 
wind blows. ' • 



Table 2-1 



I'..; ^ iV ^ iVi.^, .r-.,; Wcnt||er-\Vatch Ciiai l * ■ 

















IP 
















— — «t " 
■.•',:,> 








mm 




* *.M ■ , - 




V ."^ ■ 


Jl-K 5,\\Vind,specd(mph)..^ 




■ V'^V" ^" 






> 














v; 6, Cloud typcM^i;^4i^?^ 

— — / 






^fe- ■ 






P>Tr ^'oud- cpycr' 




•'• y • 








I-;- -v'- (in. inches) y^iJ^^P; .■ 




. * •! 


" y , : 




■ ■ \ 


|!S;;9.;Baroniciric;**^^^ ■ 
inches) *•* 












, : . !0. Relative humidity 


'\" ■ . ■ 
■ 1 


v! 




,4 




J !. Dew^ponU {\C) ^ . : 


.V 






1 — - 





5. Wind speed: Use ihc wind speed iiKiicator on the. • " ■ " ,\ ■ 
weather station. Record the high and low wind speeds ' ^ 
observed over a oiie-minute period. For example: . ' 
"From 5 to 8 miles per hour." 

Excursion 2-1, "Blowln' in the Wind;" will help you use 
the wind speed and \yind direetioir indicators on the ^ ^^K^'j It^rt]k^| 

weVaher-staiion instrumeik correctly. 

■■ ■ / ■\' ■ \ ■ 

6. Cloud type: The photographs in Figure 2-2 show the 

•three major types of clouds (cirrus, stratus, cumulus), . 
, (Excursion 2-2, '-'Billboards of the Sky,'-' wil) help you 4 I^KtlB J [tlk^l 

identify additional cloud types.) Use tliese various pic- 
ftures to identify clouds as you keep, your weather watch, ■ 
Write down only the symbol for the name of the cloud 
; ,' in Table 2-1. These symbols are given under each pic-' 

_ture in Figure. 2-2. -/^ CHAPTER 2 :j7 
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7. Cloud cover: Estimalc how muchk)f ihc sky is covered 
by clouds. Use the following synibolslo record 'your 
data: Q ^''^^^i* ^ky; (3 'or 25% (|) of the sky covered 
by clouds; for 50% 0 of (he sky covered by clouds; 
^ ^ for 759!?> cloud cover; |^ for; cx)mplelc overcast. 
. ^ ^^/ Prccip^tatioii: The rain gauge on .the weather station 
will keep^lrack^^^ for you. Rainfall for a given 

day is ti|jfe amount of ne)v water th^cup sinec^; the 
. vday befc^e, Snow i$ also precipitation. Measure the- 
depth of^snow at some point wher.e it has not drifted. 
To determine the ranifall equivalent of snow, divide the ^ 
number qf centimeters of snowfall by 25. (Or, if you 
measured depth in inches, divide your measurement by 
10.) . . _ 
9. tn rows 9, 10, ancl 1 1 of the chart; you will add several 
;more items to your data table as you study the remain- 
ing chapters. 
> 

Note 7/je weather-station instrument is calibrated in the 
English- system. Therefore, you tri/tist jnake frequent canver- 
Sions (changes) to the metric '^j/sfem. Excursion 2-3^ ''The 
:Co^ivenio>i E^ursion,"' will help ym^^ with these .changes,' 

Rdmember your weather \yatch is to CQntinue for four 
weeks, including weekends if possible. > . 

' Before g6ing on, do. Self-Evaluation 2 in^your Record book. 



Figure 2-2c • S(r;i(ii.s c\om\s (St) 



CHAPTER 2 . 19 



If 




Concentrating on Ups 
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. You 'Ve learned that different ^'surfaces absorb different 
*" amounts of heal from sunfight. 'Air you need tio to prove 
this is 10 wiilk around outdoors i^n the summertime in your 
bare feet.. You'll quickly find thatvAvarm and cool spots can 
exist near 0ach other. 
The temperature of the air abov6 tl^e earth's surface is 
. affected by the hectl absorbed by the surface. Air above a 
hot spot is warmed. Air above a cool spot is cooled. 

□ 3-1. What happens to the motion of air as it passes over 
a hot spot on the earth? . 

; n3-2. What happens to the motion of air as it moves over 
\ / a cool spot on the earth? 

..»vf« Knowing that air moves up and down over different areas 
, of the earth^s surface is a good start iii^explaining weather 
:r;^Jchang6s. However, you riepd to find out more about how 
/ \the air is affected by these ups and downs. This is^a compli- 
^^^i^^p W^^ tQv^o. To make your task^impler, concentrate 



1 1 ^s^^^S^ 
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When sliKijing compliaUcci .siiualioiis. sciciKisfs concen- 
trate on only a part of the total situation. Thh is called using 
a "systems approach" in investigations. ^. 

iCyou used (he ISCS. Volume I or Volume 2, you've u.scc| 
(he systems approach many times before. In using the sys- 
tems approach, ypu concentrate only on that part of .a com- 
plicated situation in which you arc interested. That part gf 
the situation is called (he system. The rest of (he situa(ion 
• can be..ignored, except when you want to pay attention to 
the inpin to- or output from the sy.st cm. If you wish to exam- 
.ine some ever smaller part of the. System, you refer to it as 
a subsystem. 

Figure 3- 1 will help you take a systems approach In seeing 
how air is an'ected by altitude (height above t^ie earth's sur- 
face). The total a(nTospherc can be (hough( of as (he .si(ua- 
(ioji, The vertical column shown represents a column of air 
- extending up from the earth's surface. This column will be 
the system you will study. Two cubes have' been drawn within 
the column. Tvliey represent cubes of air. You can think of 
them as subsystems of the column of air. Air from, outside 
the column (the system) can How into the cubes (the -sub- 
systems). And air from in.sidc the cubes can flow out of (he 
column. 



Figure 3-1 



o 




Assume that the column of air shox^-n in Figure 3-1 is 
: st^^nding over a w^arm spot on the earth's surffice. 

' ■ ■ ■ " ' 

□ 3-3. Which cube of air would be warmer? 

□ 3*4. As air cube A rise.s,;whal do you predict will happen 
to its temperature? . - 
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Air is warmed by bciiig near a warm surface. The air 
closest to the surface h warmed the most. Generally, then, 
the farther the air is from the earth*s surface, the cooler it 
will be. Thus, cube A in Figure 3-1 should have a hj^her 
temperature thcUi cube B. 





0^: 



Figure 3-2 



PROBLEM BREAK 3-1 

Design ^nd conduct an investigation of how air tempera- 
ture "varies with altitude, iRecord youi^ plan, tl|e data you 
collect, and the conclusions you reach in your R^corcj Bppk, 

□3-5. According to Figure 3-1, which cube of air ms more 
air above it, A or B? 

□3-6. Which cube^of air would have more weight on it from 
above? . ' ; 



" Viau may be a bit concerned about question 3-if>. In fact 

. you niay wonder why such a question was asked. Is it reason- 

,^ble to think of air as having weight? Try the next activity 

and find but for yourself. 

You will nee^'the following materials: ' . 

. ' • ■■' ■ ' " ■ - ■ ■ '■■ ■' ■ • ■ 

balance rod, with 3 balancing clips ; ^ 

^ balance rod wire support ; " ^ 



l^M^^^ ii:2 balloons of equal size 
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ACTIVITY 3-1. Fasten the two balloons to the clips as shown. 
Balance the rod by moving the third clip. (You may have to 
move II across the wire support.) 




ACTIVITY 3-2. Remove one of the balloons, blow It up, and 
knot the neck. Place the balloon on the table for 5--10 min-- 
utes. Then reattach it to the balance arm. Hold the arm level, 
then gently release It, and observe what happens. 




The breath you blew into the baUoon is warmer than the 
room air. That is why you were (old to wai( a few minutes 
before comparing its mass. This wait gave it time to cool off 
a bit. 



□ 3-7. Explain your observation from Activity 3-2. 
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Now tliinlc again about the column of air from Figure 3-1. 
Every particle of air exerts a downward weight force. 'All 
these forces together 'make the total weight of the column 
of air. . ' ■ ■ 
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□ 3-8. .Which cube of air (A or B) has more weight acting on 
it from above, in Figure 3-1? 

i 

Your answer to question 3-8 should have been ^'eube A/' 
This is also the answer to the earlier question 3-6. 

The total weight of a column of air on imaginary cube 
A results in the air pressure on that cube, 

□ 3-9. How does the airpressure on cube B compare with 
the air pressure on cubc^>5T ^ 

Figure 3-3 suggests how particles in a column of air might 
be exp.ected to look. 



Figure 3-3 




You may want to check your understanding of the term • 
pressure. If So, turn to Excursion 3-1. 4 ^I^I(*i8J Ilt^ itjk^l 

. By now you should expect that air pressure will decrease 
as altitude increases. But youmiay wonder if air pressure can 
vary at the same altitude. For example, does atmospheric 
pressure vary. right at the earth's surface? 
; To answer this question, you nelSd some way of measuring " 
atmospheric pressure. The next activities will show you how 
to make such a device and how it works. ' 
You need a partner and the following materials: 

. : 1 balloon ; , 

, . > I baby-food jar (must be l<vrge size) , 

\ rubber band ^ i j CHAPTER 3 
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ACTIVITY 3-3. Cut the end off the balloon and stretch It over 
the mouth of the Jar. Be sure the rubber balloon Is stretched 
taut. Then have your partner fasten it In place using the rub- 
ber band. The band will have to be doubled once or more 
to make a tight seal. This seal is very Important. 




What you have just made is the basic part of an atmos- 
pheric pressure measurer. Before finishing it, however, let's 
use the particle model, to explain how^'jt sho^ild work. 

Ail- is both inside and outside the jay., The particle model 
(discussed in ISCS Volume I) says thaUhe air particles are 
. in motion (Figure. 3-4). They are bouncbg against the inside 
■ and outside of the rubber cover. ■ ' 
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Figure 3-4 





If (he jar is'lightly scaled, no ino'ro air pnrlicles can enter 
or leave ihe jar. The top of the balloon is tlal (not bulgitig 
in or out.) Therefore, the pressure of the moving air particles 
against the top of the balloon is balanced by the pressure 
of the moving air particles. inside thcjar. This is diagrammed, 
in Figure 3-5, witiv .arrows representing forces. I'orce 1 is 
Cjqual to Force 2. - "-^ 



Figure 3-5 



If the particles inside the jar exerted more pressure on the 
rubber covering than the, particles outside, the covering 
would bulge upward (Figure 3-'6)..ln that case, Force 2 would 
be greater than Force 1. 





Figure 3-6 



□ 3-10. W^hat woia^fiappen' to fho'rubbei; povering 'if the 
forces (pressure) outside wert' greater than the pressure in- 
side? (Show your answer by completing tlie drawing in Fig- 
ure 3-7;in youf Record Book.)^ ^ , ^ 




The flexible ru'bbcr covering allows the vcJIiinie of (he air 
inside the jar to change. When (he air pressure oiHsidc (he 
jar increases^ the rubber balloon bnlgei^ in. When (he air 
pressure outside is lower than it is inside, (he rubber bulges 
out. 

You can add some additioilal parts to (he jar that will 
make it possible to measure very small changes in the move- 
ment of the rubber cover. To do so, you will need the follow- 
ing materials: . ^ . ' 



J plastic. stni\v.. _ Vi-.^-s, ' i>niidl kuby-food jar 

1 tongrfc depressor " Plastic tape 

4 rubber bands ■ Scissors or knife 



ACTIVITY 3-4. Cut one end of the straw at an angle to make 
It pointed. . J , 



ACTIVITY 3-5. Gently place a one-Inch strip of plastic tape 
on the uncut end of the straw as shown. 



1 In tape 



ACTIVITY 3-6. Tape the uncut end of the §traw to the center 
of the balloon as shown. Run your finger nail along the tape 
on each^dide of the straw so that it is held tightly, to the 
balloon, both in the center and at the edge of the jar. s 



■■•): 
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ACTIVITY 3-7. Attacfi a tongue depressor to the second jar 
as sfiown. 



ACTIVITY 3-8. Place the two jars side by side on a level 
support (such as a large book) so that the pointed straw is 
In front of the tongue depressor. Mark a short line on the 
depressor at the point of the straw and label it 0 to show 
the starting position 




t 

With (he tongue dcprqssor'.s scale in place, your atrnQs- 
plieric pressure mcasurer is conipletc. Let's see how it works. 
Figure 3-8 should help you .see this. 

• When the air pressure is equa' inside and outside the jar, 
(he pointer rei^iains at zero (Figure 3-8a). When there is an 
increase' in aif pressure outside the jar, the cover is forced 
down. This moves the pointer up (Figure 3-8b). 

More air particles, 
increased pressure 




Rubber 
bands 



Figure 3-8 



□ 3-11. How will (he pointer move il" tlie air pressure outside 
(he jar is less than tlint inside (he jar? 

□ 3-12. Give an" operational detinition of atniospherie pres- 
sure. 

Ifyou understand how your instrument works, ^ou should 
expect the pointer to move dowi^ from zero on the scale il 
the air presi^ure decreases. The pc/inter should move up froni 
zero if the air pressure increases. 

1^"he measuring dcviec "vou\'e made't^^^ 
It can be used to ^?Tneasi<¥e atmospheric pressure (air preset 
sure.) However, its use is somewhat limited. 



ACTIVITY 3-9. Zero the pointer. Then hold your hands on the 
sides ofMhe Jar for several minutes without moving It. Note 
what happens to the pointer's position. 




^ □3-13. Did the pointer m(^? If so, in which direction? ' 

• QS-H. Did pulling youi; hands oil Ihe jar have the same 
eflect on Ihe pointer as a change in air pressure? 

: ' □S-l 5. what ki]?ii of ai^pTcssiu:e change would produce llK^ 
• ; same result as your hands did?>(An increase, or a decrease,' 
CHAPTER 3 • ■■ • in pressure?) ',{.,) • t' • 
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PiiKinj; )oui haiKl^ on (he hiillooii |.n JiLin'l change (he 
j)icssnic o\ (he Mdnosphcic. Hu( i( JiJ ehaiij^^e (he pie.sMiie 
of the air iiisicle (he jai. Mow ean (his be? W'cW, you know 
(ha( you!" hands aie warm. If (hey wanncJ (he )ai. (he an 
inside would heeonie wainie!', too. Then, aeeoidinL\ (o (he 
Volunie I particle model, the aii particles wouki move fastci . 
I'liis increased motion xN'ould cause the pajticle.s to hi( the 
cover and walls hardci". The llexible lubl^er on lop oC (he 
jar woukI then bulge out and the pon\ter would nu>\'c eiown 
(Figure 3-9). 



Your baiometcr icacts to tcmperatuie changes as well as 
to pressure changes. 

[IJ3-16. Wlial ciVcct do you predict decreasing the tempera- 
lure inside the jar would have on the mcu'cment o( the 
pointer (Voni a zeroed j^osition? 

•r 

PROBLEM BREAK 3 2 

Find out how decreasing the teniperature ol^ihc air in the 
jar afVecls tlic pointer position of the measurer. Activity 3-!0 
suggests one way to go about tliis. 



ACTIVITY 3-10. Set the rubber-covered jar In a pan of water 
at room temperature. Use a thermometer to measure the tern- 
^rature of the water. Have the pointer adjusted so that it 
points to 0 on your scale. By adding Ice or cold water, you 
can lower the temperature. 



Figure 3-9 




Pan of water at 
room t'Miiporaturo 
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Figure 3-10 



□ 3-17. How is the pointer position afVcCicd when (ho (cm- 
pcratuie of the jar's air is decreased? ^ 

'I he accuracy of your atmospheric pressure measurer de- 
pends on the temperature of its surroundings. This of course 
limits its usefulness. It cannot be u.scd enectivc^^ to compare 
air pressure at places where temperatures areTfifl-crent. 

However, it can be used to measure pressure changes if 
positioned where the air temperature remains about the 
same. Of course, the measurer must be zeroed while at that 

locatj(.:)n. 

You canTise your baronieteV to collect \veather->valcirdata. 

Howevlr; ifmust hrst have a calibrated scale. This scale can 
be piade by using a standard barometer. There is one in your 
classroom. It probably looks like the barometer shown in 
Figure 3-10. 
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The scale on your room barometer is. probably marked 
in units of length— Uke inches or millimeters (F-igure 3-10). 
Let us see why pressure is measured in inches, or perhaps 

millimeters. • - ' 

Scientists have compared air pressure with the puessure 

•exerted by liquids. They have found the following rela- 
tionship; . ^ 



and as (b) a 29.9~inch column of ihc liquid mercury (also 
with the same diameter). > 
Figure 3-1 1 iUnstrates this finding. 



Limit of tho 
atmosphere 



• I 
I t 

• I 
I I 



Figure 3-11 



About \ 
50 mllos 



Air 



34 foot 



29,9 inches 



Mercury 





This relationship means that air pressure can be compared 
with the pressure -exerted by a'column of Uquid such as 
mercury or whter Normal air pressure at sea level is equal 
to the prassure dTelted by 29.9 inches of mercury.' 

□ 3-18. Use the room barometer to determine the air pres- 
sure where you are. 

□ 3-19. Would you . expect the^ barometer. Treading on a 
mountain top to be difi'erefU from that at sea level? Explain 
your answer. • .- 

• A bit more information on liquid columns and air pressure 
can be found in Excursion 3-2. Have a look if you're inter- 
ested. It will. help. you understand how your classroom ba- 
rometer works, too. '..'>' f • ~ - 
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As you continue keeping your weather waldi, use' the rooiil 
barometer. To get pressure measures, also do Problem lircak 
3-3 ^to gel a scale for your own jar barometer. 



PROBLEM BREAK 3-3 

Ask your teacher where you should set up your jar barom- 
eter. ■ 

Then 7ero it in that location. Use the room baro'meter to 
get the atmospheric pressure in inches. 



ACTIVITY 3-11. Alongside thfe zero mark, write the pre8»Ure 
you got from the room barometer. 




Each day, you can add new marks and numbers to the 
scale; that is, if the atmospheric pressure reall$^ does change 
in your room! 



SUMMING UP 



This.chapter has taken you beyond the facts that warmer 
air rises and cooler airTalls. You have learned the following: 

1. As air rises from the earth's surface, the air gets cooler.' 

2. Air has weight and exerts pressure. 

3. The number of air particles decreases with increasing 
altitude. 
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,.4. As air nscN, \\\c jut's^iiic o\) il lioin Ihr an aboxc Jc- 
cicascs. 

% S. Air picsMMC can ami ti(.)C.s \'ar)' on iJic cMidTs siiilacc. 

These facts will be ^'OIy iniptMlaiU (i)')oiii liiitluM" .stiuiy 
of ail and weather. 

v. 

Before going on, do Self-Evaluation 3 in your Record Book. 
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Making Visible 
the Invisible 




It's no sccjet to most people that clouds are made of wcrtcr. 
We've all seen water falling from the sky. And almost every 
time this happens, tl\ere are clouds up there. Mosf^folks also 
know that the water in clouds evaporated from the earth's 
. surface. Sunlight on lakes, ponds, reivers, and oceans changes 
. liquid water to water.vapor. Trees' and other plants release 
• some of the.nioistu^:e in their leaves to the -air, too._ 
r '"- But what most people don't know is why the clouds form, 
: \. .and why they usually forin so far above thevearth's surface. 
Ipdif! Perhaps you know the answers, or think yqu do. Whether 
vj^'^you do or not, you should test your ideas vyith the activities 
^rai " " 



ii^^-i ^^^^ chapter and the next, • 

you need to investigate the effect of temperature on • 
S^^l^^ll^j^^ arnount of water vapor in air You and a partner will 
plp^v^S^eed the following equipment: . :^ 

I^^Y^-^^^'l small baby-food jar of crushed ice / .j, •* 

large baby-food jar half full of water at room tempera- \ 



y^Wif^'^'^'^Mv^'^'^^^ ^^ ■ ~, 

Aluminum can (or clear plastic cup) ^ 
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ACTIVITY 4-1 . Add Ice and water to the can until it Is | full, 
Observe what happen* on the outside of the container. 




Baby-food 
Jar 



Water 




□ 4-irwiral did you observe .happening on the outside of 
the container after you added the ice and^v,'ater? 

□ 4-2. Explain your observation in question 4-1. 

□ 4-3. Have yon seen this sort of thing happen in other 
siUifttions? If so, describe them, 



You should have found that a film of wat^r formed on 
the- outside of the can. 



□ 4-4. Where did the water droplets that fo 
outside of the. container come from? 



(OUJK 



lied on the 



The ice water lowered the temperature of the container. 
.This caused a film of water to form on its outside. But is 
there a: certain temperature at which the moisture first \ip^' 
pears? Try to firtd out by using the equipment you already 
.^h a ve. Before you begin, empty the contftiner. Dry it, and. 
allow it to return to "room temperature. 

ACTIVITY 4-2. When the container has returned to room tem- 
perature, fill It.f full of water at room temperature. Place the 
thermometer In the water. Record the thermometer reading 
in Table 4-1 In your Record Book. 



□4-5. Does nroisture appear on the outside of the container 
when it is at room, temperature? • 



■'I 1\ 




ACTIVITY 4-3. Add crushed Ice to the water In the can, a little 
at a time. After e^ch addition, stir tfie water with the thermom- 
eter. At the moment the water^lllm first appears on the con- 
tainer, read the temperature. ^ 




Add crushed 

Ice slowly. 




Note: Do not breathe on the \'an while you are observing the 
(hc^nnometer. " - 



Keep adding small amounts of Ice until the moisture forms. 
Bcfc'ord that temperature In Table 4-1 for Trl^ 1. ^ 



Repeat the activity to get readings for a second and third 
trial. Record the data. Be sure your water is at room temper- 
ature when you begin each trial. If you have ice left over, 
return it to your teacher, or give it to other students who 
need it. / 



i ■ 
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Table 4ri 

.^S^ ""^ 



1%, 



%Room TempM 



f^^enVpcraturc When Fihix -V-^^^ . 
l^r M^istHre' FornW;(^ 
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[ "34-6. What was tlic average tcmpciatiuc at wliicli the fihii 
of watei Ibniied? ^ , - — 

fiy now perhaps you've figured out that the water wliich 
appeared on tlie ean came from the air in your classroom. 
Water vapor is an invisible gas just like the air. It became 
visible only wlxni it collected on the surface of the cold 
container. This changing of the gaseous water toyiquid water 
is called condensation. Tiny water droplets form when the 
air temperature is lowered to some n-^™ definite point (called 
the ckw point). At that temperaturb^YKe air can no longer 
hold all its moisture. The invisible wiVtcr vapor from the air 
thejn- becomes visible as liny ([ippl'^ts 'orm. The droplets^ 
formed on the container because it was much colder tlian 
its'surroundings. The air near it was cokicr than the rest of 
{\jc air in the room. 

\lj4-7. Suppose the temperature of the container had been 
/below freezing. What would you expect to 'happen to the 
water in the gaseous form, warm air or cold air? 

You cah check your aijswer to this last question by putting 
a small dry can in the freezing compartment of your home 
refrigerator. , = . . " . 

□ 4-8. According to your investigation, which will hold more 
water in the gaseous form, warm air or cold air? 

Obviously, clouds aren't invisible. You can sqc them. This 
means to make a cloud, yotj-must make invisible water visible. 
You have just seen one way to make the invisible visible- 
lower the temperature of the air. You saw water droplets form 
on the cold surface of the cup. 



Heroic you invcsti[>:Uc aiinlhoi way lo make witici \<ipo! \ is 
ibic, vow should Icam a bit more about watci vapc^. 

\o\\ lia\'c loaiiunl thai lUcvc is a hnui \o (he aiiuMiiu ol 
water vapoi that air eau hohl. '1 his hiuil Jepeiuls upon the 
Icinp'eraluie ot the an. Waiiu an ean hoUi uAoie walei \ap^M 
llian cokl air eati hold. You .saw what happeiKs when waiin 
nudist air is eoolcd. Al a eertaui lenipeiatuic (the clew point), 
the eoobut; air coutaiiis all the luoistuie it is able to hold 
at that leiupcraiure. Ifu is eooled below du* dew point, some 
vapor must eondeuse as water dro[^leis. 

Meteorologists (weather fbrceasters) measure the amount o! 
water vapor present m air. W^ey call this measure the relnnoe 
fuiniidity. The measure is actually a com[)ariso!i. Ueom[)ares 
the amount of water va[X)r in air at some temperature with 
the greatest anu)unt that vould be in the air at that same 
temperature. 

Relative huiuidity is ilehned by this formula: ^ 

RchUivc hunudity 

Aniouni of wafer \'apor in air al eoitam (on)p. 

Greatest amount of water vapor po.ssible in air at that tenip. 

X 100% 

Suppose the relative humidity ol' air is 75';;.. This means 
that the air contains 757n of the water va]X)r thai it is possible 
for it to contain at that tcmiicrature. 

For example, suppose 1,000 milliliters of air at 20" C could 
contain 20 milligrams of water vapor. The relative humidity 
is 75% if the air actually contains 75% of 20 luilligrams (that 
is, 15 milligrams) of water in each 1,000 n^illiliters. 
* The ligures in that example arc given below to show how 
the formula is used: 

Relative humidity 

_^ J5_millig.ams ^ ^^^^^^ ^ ^ ^ ^^.^^ 

20 milligfam.s 

□ 4-9. What does it mean to say "the relative luu/iitlity. i.s 

50%"? 

□ 4-10. Suppose 1,000 ml of air contains 10 mg of water 
vapor. At this temperature, the same volume of air could 
contain 50 mg of water. What is the relative humidity of ithc 
air?. . ■ 



SELECT THE 
BEST PHRASE 




BO^/ THE HUMIDITY, 
MUST BE 99% / ( 




WOW / THE 
j)HUM\D\TY IS 
^ AT LEAST 10% 




Humidity * 

In view of the imporlancc of ihc water vapor content of 
the air {humidity), il would be well lo include measurt^mcnts 
of this quantity in your vveathcj-watch chart. To do this, you 
must learn how to get the data you will need. 

You will use a sling psychronictcr. Activity 4-4 shows what 
it is and tells you how it is used. 

ACTIVITY 4-4. Wet the wick with room-temperature water/ 
Swing the psychrpmeter around for 15, seconds. Be careful 
not to hit anything. Note the temperatures of the dry bulb 
and the wet bulb. Whirl it for another 15 seconds. Note the 
temperatures again. When the wet-bulb temperature reaches 
its lowest value, record both the wet- and dry-bulb tempera- 
tures.fr 



Wet wick with v/ater 
. at room terriperature. 
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□ 4-11 Rcccd the two temperatures from Act.vity 4?4- 
wet-bii!b and dry-bulb. ^ 

□ 4-12. What iMhcdiirercnce in degrees between the we(-buib 
and dry-bulb? 



I 



Jo clctermme the relative humidity, you w.ll need to use 
ab e 4-2. I^u-st, f,nd th'e dry-bulb temperature you meas- 
u.ed. a^s^n the first column of the (able.) TJiat locates the 

./^.^^ ^vl\e>e-you Nyill_ fnuUhc relative humidity 

Move your Anger across to the right, until you come to 
the column that has the value you found (difl^erence between 
wet- and dry-bulb temperatures). The figure in the box is 
the relative humidity (expressed in percent). (See Figure 4-1 
for a sample of this procedure,) 



Figure 4-1 
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Table 4-2 
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U4-13. Write an opcialioiial clolinitioii of relative liiiiiiidKy 
(How do you tlctcct aiul measure it?) 

□ 4-14. What i,s today's relative limnidiiy? 



Back to the dew point 

Dew point was delincd earlier as the temperature at which 
air could no longer hold its moisture. At that temperature, 
_l''='l*'l..!lM^^„flO"^^ as a liquid 

(dew) or solid (frost). Remember that warm air can hold 
more moisture than cold air can. Dew point can be deter- 
mined from a chart similar to the one you used for relative 
humidity (see Table 4-3). 

Refer to' the relative-humidity chai t (rable 4-2) and the 
dew-point chart (Table 4-3) as you answer questions 4- 1 and 
4-16. 



□ 4-15. What would the relative humidity be when the wct- 
and dry-blilb temperatures are tlicsame? . 

□ 4-16. What would the dew-point temperature be when the 
wet- and (Iry-biilb temperatures are the same? . 

□ 4-17. Give an operational definition of dew point.' 



You may wonder why you have to swing the psychrometer 
to measure humidity and dew point. If so, you should ttirn 
to Excursion 4-1, "The Shivering Thermometer." 

Up until now, you have not been able to fill in the dew- 
point or the relative-humidity readings in your weather- 
watch- chart. From now on, record daily readings of the 
relative humidity and the de\V point.^ 

You started this chapter trying to explain why clouds form 
as they do. You've learned that cooling air can cause the 
water vapor it contains "to condense. However, yoli haven't 
..-really seen any clouds form during your activities. The only 
condensing you have seen has taken place on a solid surface. 

.This sugge-sts that water vapor must have some kind of 
•§oJid sulface on which to form liquid droplets." How then 
Ccirxlouds fprm? Are there such surfaces high in. the air? 

\ . . . ^6 
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Almost all air coiKaiiis .some solid panicles. Dust, sail 
crystals, and smoke pailieles are commonly' foimd in an. 
These .solid particles pi'ovide (he surfaces n(;cded lor droplet 
formation. .Such particles arc Ibund at most altiiiides, but 
more of them arc foimd near the eartli's smfaee, 




/ A- 



Figure 4-2 



□ 4-18. If more solid panicles arc foinul near the surface 
of the earth, why do most clouds form at higher altitudes? 

% 

You've seen that decreasing icuiperatuic can produce con- 
densation of invisible water vapOr. 

C!)4-19. Suppose the air being cooled also contained fine 
solid particles such aK those in smoke. What do you predict 
would happen? 

-thcckjourpredictiouHby doing the following experiment. 
You will need these materials: 

2 large bcOby-fQod Jars (labeled and "2'*) 

1 plastic sandwich bag^ 

2 jcc cubes . . 
V\b\ and cold water 

ACTIVITY 4-5. Put about 50 rnl'of cold water into Jar 1. Then 
place a plastic bag containing two Icexubes on top of the 
jar. Observe for about one minute. (Hold the ends of t^ie bag 
with your hands.) 



^^i^ Baby-food 




Plastic bag 
with ico cubos 



ACTIVITY 4-6. Repeat Activity 4-5, using hot water In Jar. 2. 



- 1 



'1. V 



. *^■• 



ACTIVITY 4-7. Remove the bag from' Jar 2. Light a match. Let 
H burn for two or three seconds. Drop the match Into the jar. 



Match 




ACTIVITY 4-8. Now place the bag of Ice cubes on top of the 
Jar again. Observe for one minute. 

Summarize your results in Table 4-4 in your l^ecord Book. 
Table 4-4 ' 



^1% 





'"Observations 


Jar !, with^ 
cold water 


. K < ■. . ■ 


..Ti — zirnrrmi — ir. tt. — ■ — tzzt"^ 

. Jar 2,,\vi(h .;. ' 
' \ \\oi water ' 




Jar 2, with 'hot '^vs 
; water and smoke, 







J , 



□4.-20. Did the presence of s.moke particles have' an elTect 
on' the amount of mist that formed in the jar? 

The; expejiment you did showed you one way to form a 
'f^'-i^; cloud. All ybu have to do is cool Nvet air that contains solid '"^ 

particles. You kn'ow that the atmosphere contains both" water 
ftSfew. vapor and solid particles. 



X. 



. □4-21. What ha|)pens to the "temperature of air as the air 
rises jto higher aititudes? ; . ■ 

>■}■■■ * ■ ■ . ■ 

: Before going on, do Self-Evaluation 4 In your Record Book. 
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More Reasons for Clouds 





As warm air rises over a warm area, it gradually cools. If 
this cooling eflect continue^, the temperature of the air will 
reach the devy point, Water vapor can then condense to I'orni 
. clouds if enough solid particles are present. 

Temperature decrease with increasing altitude is charac- 
teristic .of air as it rises. 

□ 5-1. What other change occurs in air as it rises? 

What efilects, if.any, does the pressure have on cloud for- 
mation? To find out, you will need to construct your own 
pressure chamber. Vou and a partner will need the following: 

1 250-ml Erlenmeyer^^fiask ' 
: 1 1-hole 41^6 rut>ber stopper 

1 short piece of rigid plastic tube (5-6 cm) , 
: short piece of rubber tubing (3-4 cm) 
. y . 1 large air piston ' 
::;>'v^ .Water ; . . . ;^ . • 

Matches ' ■ ' 



Mm 
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ACTIVITY 5-1. Prepare the rubber stopper and air piston as 
shown. 




ACTIVITY 5-2. Complete the assembly as shovyn. The plastic 
tube must fit snugly Into the rubber tubing. If necessary, add 
a few yyraps of tape to increase the diameter of the plastic 
tui)e. 




\ \ Use extra tapo 
J, to insure snug fit. 



□ 5-2- Does the air in the ilask contain water vapor? . 

□ 5-3. What is today's hiimiciily? 

Think of your flask of nir as llic rising cube discussed in 
Chapter 3. As it ascends, tjie pressure on the air decrease:s. 
To see what eflcct this has, you can use the air piston and 
stopper. 



■'0 



f 
'. ■'>) 



ACTIVITY 5-3. Push the plunger of the air piston all the way 
In. Then Insert the stopper tightly Into the flask. Support the 
flask so that It doesn't tip over. ^ . . . - 



, . .•^"•>^''l^^7v'«o 




To reduce the pressure within ul'e flask, you need only to 
remove some of the air. You cai/do tliis by pulling out the 
air piston plunger. ' 



ACTIVITY 5-4. Place the flask on a dark background such as 
a sheet of black constri|ction paper. While your partner holds 
the flask securely on the table, quickly lift the plunger to reduce 
the pressure. Try not to pull It all the way out of the cylinder. 
Observe the flask carefully as you decrease the pressure. 



□ 5-4. Describe any changes.you observed within the Hask 
.as the pressure was reduced. ■. 

You may want to repeat Activity 5-4 a few times 16 check 
ior 




.. .. .your observations 
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ACTIVITY 5-r>. Add n veiy sin:ill nnioiint of smoke to the ;^ir 
in the flask. You cnn do this by just blowing some of the 
smoke int^tho finsk. The smoke should not t>^ visible in the 



Repeal Aetivi(y 5-4 wil!) ihe eontainiiihted aii. 

nS-S^ Describe any changes within ihc llask as the pressure 
is leduccch 

(□5-6, What happens when you 'increase the pressure a^'.ain 
by pushing ihe plunger back in'.^ »■ ^ 

□ 5-7; What eiVect would decreasing air pressure be hkely 
to have on cloud forniation above the earth'^s suriacc? 



t 



The clouds you observed in (he hahy-fooJ jai^nd in (lie 
flask probabfy ^ve^e ^cry faint. Thoy may have ffykcd only 
like a misi or fog. But (hen (hat is exatiily what a cloud is. 
Ifyou'vc ever been, in quq, you know i( (o be a misty experi- 
ence. 



PROBLEM BREAK 5.1 

You've seen faint mists form both when temperature is 
-flanged and when pressure is -changed.~How"wouId cloud 
formation be . aflecicd if both these factors were changed, 
together? Would the cloud^ivist be thicker? Join forces wi(h' 
another team and design a plan to answer thesc^questions'. 
Then get your teacher's. a)»proval. There is a space for your 
work in your Record Book. 

Let's pause for a moment and review whla you have been 
doing in this unit up to this poinl^YoM^iave 



been putting 



together many observations *of how air behaves 
So far you've learned these things-: 

1. The atmosphere .is heated diirerently depending on the 
nature of the surface of'thc earth. Generally, dry land- 
masses produce more heating of the air than do surface 
waters (Figure -S-T/f. \ 




Syn 



Warmer air 




.Figure 5-2 



Coo!er air 
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Warm air rises, or to say it another way, cpld air series 
toward the earth's surface. ; - ' 
3.' As air rises from the earth's sur(^ce, tl^c air*s tempera- 
ture decreases and so d^es the pressure on it. 




J 




V 



\ 



temperature decreases 



presjiure decr^aMt 



4. Pccreasmg either pressure or ternperaturc, or both, 
causes invisible waiter vapor to coiidense into liquid 
droplets around tiny solid particles of duist, snriokc, and 
salt These water (Jroplets accumulate and become visi- 
ble as mists and clouds. 

* ■ ■ * ^ ' - . ^ ' 

Hov^ high in the atmosphere does all this happen? If you 
are interested ^n finding out, see Excursion 5-1, ''How High 

Are the Cloudsr 

^ • — ' .A " ' ' . 

As you know, scientists aren't satisfied with observations 
f afone. They want to explain thair observatioos and how tjicy 
relate tq each pther. Thus, they invent ideas to account for 
what they see. These invented ideas are called mental models. 
You have been using a common mental model to explain 
' v^ofne of your observations of the behavior of air. The model 
you've used is the particle model for matter. 

The particle model assumes that air an,d water and alt 
matter are coApose'd of tiny invisible particles. This mp^el 
. can. be used to explain Why wafm air rises. Ahd.it capf explain 
why air pressure decreases with increasing altitudl^. But can 
you tise what yOTi know to explain day's . weather in 
Florida? See if ydu can. v wt \ ^ 

Examine carefully the cloud patterns m^ach of the satcl- 
. lite photographs of the state of Florida (Figures 5-4 and 5-5). 
Compare the cloud patterns you see with the map of Florida 
that is" provided with each figure. 




1 



□ 5-8. Would you have predicted (hat most of the clouds 
shown in Figures 5-4 and 5-5 would be over (he land instead 
of the water? Why?^ - 

Question 5-8 isn't easy. Hut perhaps you are closer (o a 
reasonable answer than you think. 1Vy the next two ques- 
lions. . ' . V 

□ 5-9. —Where - would -you -expect -air -to \k warmer -in the 
daytime, over land or over water? (Hint: Recall your investi- 
gation in Chapter I, beginning with Activity 1-8.) 

□ 5-10. Where would you expect the greater uplift of air to 
occur in, (he daytin^c, over land or over water? 

For clouds (o form, air containing water vapor mus( be 
uplifted. It is reasonable to assume that the air over water 
contains, more water vapor than the air over dry land con- 
tains (Figure 5-6). * 



Figure 5-6 



o 




Evaporation 



atlon ^ 



; '..A^ But the air over dry land is being warmed faster and 

1 Sf^- / therefore; rises. According to what you have learned about 

-ll^^l . ; should expect clouds to form over land if the land 

I enough water vapor. And according to Figures 

t' ' ^. : 5-4 ar^d 5-5, it does contain enough water vappr. Almost all 

I ^'^^ clouds are over land. Another jnvestigation niayjielp you 
I PMil'^ ' .?^pJ^^^^ hpw the land air gets some of its moisture. 
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You will need the following: *^ I 
1 observation box (from Chapier !) " 

I short eandic (4-5 cm) ; 

Heavy. cotton sString, 12-cm length ' ' 

1 plastic straw \ 

Sharp knife or scissors . ; 

ACTIVITY 5-6. Cut a small hole (about 4 cm in ^iameter) In 

the top of the observation box as shown. I 




'^^^'^'^^ Double the string and Insert It In the plastic 
straw as sfiown: Llgtit the string. It should glow but not be 
flaming. Insert the straw Into the box. Observe the behavior 
of the smoke In the box. 



[J5-11. Describe what happens (o the smoke (Voin (he string 
as the hot air above (he candle rises. 




ThinVoT (he candle as represen(ing (he ho( [and in (he 
day(inie. The land (candle) is hea(ing (he air above i(. Lei 
(he smoke from (he s(ring represen( (he invisible moist air 
over a cooler area 'nearby. (This migh( be a body of wa(er, 
such as a large lake or an ocean.) 

□ 5-12. Describe how you (hink cool moisi air will behave 
as i( comes in con(ac( \vi(h an area where warm air is- rising' 

Up until (his las( activity, you have concentra(ed only on 
"air moving up and down. In (his aclivi(y, you saw (ha( hori- 
zontal (sideways) movement also occurs. This horizon(al 
movemen( is Called wind. \t is a very impor(ant rea(ure in 
all wea(her. 

The par(iclc model lor matter can be used to explain the 
sideways movement of air lha( you observed. Recall (wo 
things (his model says: 

1, When air is healed, its particles spread out. 

2. A volume of warni air has less ma.ss than the same 
■ 'volume of co6l,air. 

These two ideas explain why the air moved as it did in 
the observation box. As the (empera(ure of (he air above (he- 
candle increased, i(s par(icles spread out. Thus,- it became 
lighter, so to spt«i^, than ihk cool air in the box. The cool 
air, now the heavier air, pushed the lighter air up and took 
its place. - ^ 

□ 5-13. What would happen to the cool air afte^r it replaced 
the warm air? 

Figure 5^7 illustrates the air-flow patterns you should ex- 
pect when warm and. cool areas are side by side. 
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Figure S-7 



Airflow 



Suppose the coo! area is adding moisture to the air, as 
in Figure 5-7. If so, the moisture will be lifted as the air 
moves over thfe land. 

□5-14. Will the increased moisture content improve chances . 
for cloud formation? 

PROBLEM BREAK 5-2 

If Xou live near the ocean b'r a very large lake, you may 
have noticed some peculiar things about wind- Wind direc- 
tion often seems to be related to the time of day. During 
warm, dayUght hours, the wind blows from one direction. 
Then, during cool, night hours, it blows from the opposite 
direction. 

In Figure 5-8 of your Record Boole, indicate Jhe wind 
direction you predict for the two times of day shown. 

HguraS-S \^(,.^ 





□S*15- Use what you know about air to explain your deci- J 
sion about wind direction. I 

.The fact that air moves horizontally is no surprise to you. 
You feel that motion frequently. You also see it in the motion 
of other objects. Even those things you've been trying to 
account for — the clouds — are affected by wind. Moving air 
carries them across the sky. ^ 

If you are interested in /io>v fast clouds move, see Excur- n 'r>^< ^f] | 
•Ion 5»2, -Building a Ncphoscopc" ^ ~ 

Light and heat are the energy sources for all weather on 
the earth. YouVe seen how they drive air up, down, and 
sideways. You know that without heat little water vapor 
could be added to air, and without moisture ti\erc would be 
no clouds. 

In the next chapters you will investigate other effects of 
air movement. And, as a result, you'll learn more about 
predicting and explaining weather changes. You may even 
find an explanation for rain. 

V. ' ■ * ■ . 

B#for# going on, do Self-Evaluation 5 In your Record Book. 
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An unmanned weather satellite orbiting far above the earth 
took the photograph shown in Figure 6-1. The picture shows 
the pattern of clouds over about half the earth's surlacc. It 
was taken on May 8, 1967. 



Figure 6-1 
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Figure 6-2 will help you identify where the cloud.s in 
Figure 6-1 are loeated. 



1 Seattle 



-"-Midway Islands «^^.v<'V ' ■ •' 



l1* S n n F r a n cj sj; q _ _ 

' Los Anoeles 



) 



Hawaiian Islands 



I Philippines 



Panama 



Equator 



Peru 



\^ Australia ^' ■' - ■ 



.V:?!:v;;:;- 




.• As you looked a( Figures 6-1 and 6-2, you may have rc- . 
, alized that explaining such a widespread cloud cover is very 
^ complicated.' Several features (like the cloud spiral over the 
northern Pacific Ocean)^'can't be explained with the simple 
heated-air model you'vfc been -thinking about. Obviously, 
clouds don't just form over land areas either, you can see 
that much of the Pacific Ocean js shown covered by clouds. . 
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Factors other than air-lcmperalurc dilleroDccs above 
dillcrent earth surfaces must be involved in forming clouds. 
Something else must be pushing the air upward at those 
^-(hiccs where heavy clouds are forming over water. What is 
this force? 

Take a closer look at the spiral area of cloud formation 
-in the -upper left-hand part of F^igurc-C- 1 . igurc""(5-3 shows 
an enlarged drawing of this feature, lixamine the general 
shape of the cloud pattern. Notice particularly the two "lei^s" 
that project from the central core of the pattern. 





. r in Figure 6-4, symbols^ and numbers have been added to 
the diagram df the cloud spiral. Each symbol cluster contains 
. values for temperature, barometric pressure, wind .speed, and 
liixv ,;-.:/..wind directjion. " 



FIguVe 6-3 
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Figure 6-4 
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The code symbols in Figure 6-4 are iise4 to squcc/.e (hc 
maximum amount of informution into the minimum amount 
"of space. ^ ' • 




Figure 6'-5 sliow.s (ho meaning of ihcSc syiiiboLs. 
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Symbol 


Lor»s ttuTM 




1 




1 to 3 


J. P 


4 to 7 




8 tol2 

X, , , 




. 13 to 18 




19 to 24 




25 to 31 





jWiiK) spocci (8- IS nipli) 



\^WItid diroctlon (is down tho 
stern townid tho ciiclo.) 




:'9 



TonipoinUno ("C) 



-..'0. 



Baroniotric pnossurc 



Figure 6-5 



Notice that the border of Figure 6-4 is labeled like the 

border of a eily map. This makes it possible to locale areas ^ H/V;^- 

on the drawing easily, For example, the location of the sym- "CJ^:^^^ 

bo! at thp very, top of the figure might be described as M7. ^^^P^-^^- 




□ 3-1. Using the border symbols and a straightedge, describe 
the following locations by letter and number. 

Highest baroi^ifetric pressure " * - 

Highest wind velocity 
Lowest barometric pressure 
Highest temperatt^re . 
Lowest.teniperature , ■ 

Examine t,he clusters of measurements in I'igure 6-4 care- 
fully. Try to find a, relationship between the numbers in these 
and the'pattern of clotid formation/ Look particularly for 
large^difTe fences in temperature and pressure within a small 
area and the effect of these differences in terms of cloud 
formation. 
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whicli .si^K: of the legXcfist 




V (J6-2. Describe, any relationshi^ps yoii i!nnk you (i.ul !)c- 
^(ween tlie patier'n of clot.d .loi^iialion shown in l-,ou,e 6-4 
and (he Incnsuicnient.v of (eniperauue, pressure, wind speed 
and wiml tlircction. 



Now lot's lind-oi.t if you've- drscovjf^ed any ,n,poruui(„ 
-Tclatronsh.ps Ixu-wven llK doud "patterns and the symbols " ' 
Kuh ym* llnoor aloi^thc "leg" of Jlouds extcndin,; down 
^ ^ . i^rom (he central eorcf of thc sp.ral. Notiee the leniperaiurc 
' • I ■ KCadnigs t^n the two^d<:s o.!' tjic leg. 



i^-'.;-^ V - or West) arc (he iciii- 

r-cSS'''''?! ower?^ Compare any Viiircrenecs ,n te^,pcrature 
*! ■:3c? i'l V"i^''- P^-^' t^ chawing. 



|tec (he temperature diirerence.s,pn (he two sides oC 
t^reg— tl\e one extending toward the ea.st (riolit) from^ 
■'-al eore ofihc,spiniif*»^ ■ ' ' 

[y6-4/On„Avh.t^A .sid^^norlh or south) of this-leg are the 
'.. temperatures iQWer? \ - ■. 

□ 6-5. llowd^^UVKn^pcratin-eciiirerenceson the two sides 
ol the leos conii.^f^,vvi(h:temperature dilVerenecs (bund c)sc: 
Vvherc ni lhc;.fi'g^ir^?j . v ' ■ 

^ ' " ' ' C ■ ' * ■* 




1 he two legs orthe cloud sfiiral [t^^ Wjirca-s in which cold 
an- ,s m contaerwith warmer},h- l,VlVo/'ease. the warni air 
J.cs to (he east of the cold ajr;. !,! Ilib^her, it lies to tiTc'. 
^squ^, These J.cm.pen{ti,re d'terence^'Jf ..inipiirtanl ' M6is(" 
air apparently ■lilted, in so'/nc. waft,; form clouds ^ilono 
these two lines ol\rath'er shiup" teriip^rature di:iicrcnce 

Nqw examir^-'thc, central core of the cloud spiral' for a 
mon?enj,. The presence^ of heavy cloudy .suoocs,.s\ha( air is 
being hn^-d m (his arca, too. Biu tije- temperature diircrenccs 
at this |^)oint.are nc^t/so sharp as (hose hlong the lo.os of the 
spiral. Some other cloud-lbrming lacior vmi'st be at^vork in 
Hic core. •'■ ' . ' , " . ' 

■ Pe-e,' Besides' ttniperature di<rcrcnces, what other^slactor 
, ■ produces clo.ud /brmation? . ' . . , / ' 
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!f you'jiavc been Keeping your daiiy weather waich, you've 
learned by now dial air pressure varies. U is sliohily diHereni 
from day ^ to day even a(. the same spqi on (he ea/ih. Jn 
keeping track of pres.s;ii re changes, weaiher scientists (metd- 
orologists) often plot Ihcir pressure. mcasi4rcnients on special * . • 
maps. Then they draw lines" through all equal barometer ' ' ' 
readings plotted on the map ^Figure' 6-6). ^ . " 




ACTIVITY 6-1. On Figure 6-4 in youf Record Book, connect 
all equal barometric readings with lightly penciled lines. The 
linos shoiild pass directly through the station circles that have 
the same barometric readings. These lines should be 
smoothly curved, and no line should cross another. 




■■^ i.inos connccrinL; iu;cas of equal barometric pressure are 
known aS isobars. [Iso- is a common prcHx meaning Icqual. ) 

□ 6-7. Describe the pattcMMi^of baromciric pressure revealed 
by tlic isobars' you drew on°!'igurc 6-4. ^ 

□ 6-8 Is ihe baromeiric pressure fairly high, or fairly low, 
where 'The core of ihe cloud spiral has formed?, (Label this 
center on your Figure 6-4 as ^.'High." or -Low."), 

Well you probably agree now that the areas of greatest 
cloud formation in LigOrc 6-4'lie along a hue ol sharp tem- 
perature -diirercnces or over an aiea of low barometric pres- 
sure This suggests that sharp ditVerences in lempeVjure and 
prQSSure arc acting as cloud.forming agcnt.s.-Therek^e, these 
variables have an important inlluence.. upon the weather. 

Clouds aren't the only thing of interest in Ligufe Cv4. lake 
a look at the wind directions indicated there. Notice j^^articu- 
l>ff-ly the relatiwiship between wind direction and the isobars, 
vyou drcvv on the figure.: • \ 



f 
r 



( )6-9, Do.scdbc iho piiltcin wiiu! cliicduu^ \u llu* iuv:\ oi 
low pressure oi> l*"igiire 6-4 (clockwise or coniHciclockwiNC?). 

□16-10. What relal!Oiishij\ if any, do you notice hclwceu the 
|iatierii of' wiiul Jijeciion and ihc spiral .shape-ol' the cloud 
uiass 



9 



Larlier, you used a model ior the cause of wind ihal 
— dcpend<^ U|)on unequal heating ol'-the earth\s i^urt'ace. (If 
?vyou ncccr 10 review (his idea, see the lasl part of Chapter 

5.) According to that luodel, wind is simply cooler air nunMug 

into an ai*ca of' greater heating. 






The situation in Figure 6-4 is more complicaicd than that. 
The low-pressure area obviously has a great t>i1ect on the 
movement of air. The air seems to move around the area 
in a counterclockwise direction. This will become more im- 
portant in the next chapter. 

You can see (jiat many problems coinplicate the task of 
making predictions about weather. Sonieti^lies more than 
one weather-influencing agent is operating at the same time. 
Then it is hard to decide which of (he assembled data is' 
most important. 

At this poirit, you may be ready to qcMiside* what ^you've 
inferred about the t^irects of low-pressure areas and lines of 
tenjp.erature differences as f^art of your weather model. Be- 
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Figure 6-7 



fore you do. however, you should find (Mil whether (he ex- 
ample in iMj^ure 6-4 was an isolaled silualiou. Do (he rehi- 
(ionships you observed hold (rue in olher siliiaiiuus, loo? 

iMgurcs 6-7 and 6-8 eaeh eoniaiu a sa(elli(c pho(o and a 
8e( of weather da(a 'eollee(ed a( (he liiue (he phoio was (aken. 
lixauiine eaeh future eaiefullv, Try lo liiul out whcdier (he 

4..- -/ ■ 

rcla^donships you "(ound in lMguie 0-4 hold Tor these areas 
as well. 
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30.12 




.30,24 



30.24 



3(^36 



30.36 
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□•-11. Describe the flow of air near the low-pressure areas 
in Figures 6-7 and 6-8 (clockwise or counterclockwise?). 



□6-12. Describe how the distribution of clouds in the two 
figures relates to the pressdre and temperature data given, 

□•-13. Are your answers . to questions 6-11 and 6-12 what 
you expected? 

Figure 6-8 
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PROBLEM BREAK 6-1 



Figure 6-9 shows the I loiida peninsula once inoW. 
\A\'ea(her data have been ijieludcil on the map. Your. pro!)lern 
i\ to skeieh on the map ihc pailern of elouils yon wouki 
pWliel on the basis of the ilala .sliown. In making your^. 
prtVlietion, you may assume (hal hues of lemperalure Ililler- 
i' '.^'■L [':^^^^:.P'jr^l^ll[^^_iV':^J s^lojJd-lbiUUiig age iits. '1 his 
limcVlunvever, you may neglect the facl that t'he dilVerenee 
in tcnWrature over land and waieV can cau.sc cloud fornia- . 
tion, t(k), (h is still part of" ouiy/'caihcr model, but we'll put 
it a-SideVor the moment.) ( 

Comp^rto your .sketch now. Start by drawing in isobars 
or2y.50 aWi 29.70. The ^y.CO isobar has ahcady been drawn 
in. Note tlW there is only one reading , of 'both 29,50 and 
29.70.TherYorc, you will hav.c lo .iiscVhic judgment and 
experience iiWirawing the isobar's. yAu should al.so draw a 
dotted line where you think there is \ sharp diirerencc in 
lompcral^i^rc. sWie.in the clouds a.s yo\ir last step. 



29. 
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\ ( Jacksonville 





29,60 




24. . '29.60 



Tampa / 



Then sec how your conclusions eonipnrc willi those ofoiher 
iitucleiils. Your teacher eaii ofVcr you some advice if you are 
having ciinicully with this activity. 

!nodel lor weather. You can judge youi model by seeing if 
it h^ps you make .predietio!)s about weatlKM". l^irsl, though, 
you \ieed to look at one other air-lifting (eloud-lbrming) 
facto IN 




[ Because the earll^'s surfaec is very irregular, air must often 
flow up over mountains atid down into valleys. As air is 
pushed up the side of- a tiidlfnt.ain, it is cooled, and there 
is less pressure from the 'atmosphere above. 

□6-14. "Whai rc-sull would you expect a.s moist aii\ moves 
up and over a mountain? 



Figure 6-10 



CHAPm (■)'• 77 




The upwind flow of nuMst an has jzicat sigmlicaiR-c in 
moiintaiiunis re^'.ioiis. 'I'hcic may be ahniutant precipiiaiioii 
on one side of a nioiiiuain but liidc on (lic odicr .side, l-or 
example, notice in l-igurc 6-! I that the vcjietation i.s not (lie 
.same on ilic (wo sides of (he !iu)un(nin. 




Figure 6-11 
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□ 6-15. f^ixphiin why (here is more vcge(aiion on one side 
of the mountain than on the other in Figure 6-1 I. 

You have been introduced to several rac(ors that can pro- 
duce cloud rornia(ions. Landforms may produce air lifting. 
Sharp changes in t)aromctric pressure and abrupt tempera- 
ture changes can "produce clouds. And, as you saw earlier, 
surface heating of land areas can produce cloud formations, 
^especially aloiTg-c*on'sfal regions. 

PROBLEM BR^AK 6-2 

Here's your chan^i^ to use some of your experience to 
:^ake predictions. In solving this problem, consider twqg^ays 
th^t air is forced upward: 

(A) by the dilTerentia! heating of the earth's surfLKX and 
(b) by mountains. 

An aerial view of Iggy'.s Island is shown below. There are / 
three eommuniti(l!'j on, (he island. The direction of Ihc pre-" 
. vailing (usual) wincj^^Lshown by the arrow. 




'7'revailinq 
W/Mci 





In the space provided in your Record Book, discuss the 
weather you predict for each of the three communities. An- 
. swer such questions as the following: Which community has 
the cloudiest, and which has the clearest, weather'.^ Which 
community gets the most, and which gets the least, rainfcill? 

Before going on, do Self-Evaluation 6 In your Record Book. 
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Accord.ng (o the mode! you've developed, upliftinP of 
- a.r has important eHcets upon the weather* This process 
appears to be hnkcd to cloud formation. Thus, it is respon-" 
sible for all knids ol- precipitation (rain, snow, sleet, and hail) ■ 
J l^'^; I'itmg process also seems linked to wind characteristics 
When you began this unit, your objective was to learn to 
. pred.ct the weather. The air-uplift model suggests some ways 
to do this. Suppose you could somehow know in advance 
when uphft.ng air would occur in your area^This would let 
you make some good guesses as to what to expect in terms 
of cloudme§s and wind. But how can you predict when air 
IS going to be uplifted? . / " 

According to your model, air is uplifted in at least four 
major areas. , 

Oyer a surface where air is heated. , . 

Along lines where there is sharp difference in air tem- 
perature. - ' ,\jy , . . _ ' 

In areas of relatively 'low barometric prcs.sure 
Where there are geographic features such as mountains/ 



1. 

■3. 
4. 
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Predicting when air will bcvliftcd really boils down to 
knowing when one or more of these agents exist in an ^rca. 
Since mountains and scacoasts^lon't move, it is fahrly easy 
to predict their efVects. But what about lines of temperature 
difference and low-pressure areas? Do these things move 
about? so, is there enougli order (o their moving to allow 
predictions to be made?- Figures 7-l^thr6ugli 7-4 will help 
you find out. . v 

Figures 7-1 through 7-4 show temperature and pressure > 
data for most^ of the Ur)i(ed Stales on four days in April. 
Two maps appear for each day; one ^ives temperature, while 
the other gives pressure information. Areas of low pressure 
and high pressure are labeled with an L or an H on the 
pressure maps. Lines of temperature differences (fronts) and 
cloud cover are indicated by the symbols identified below;/ 



FRONTS 




CLOUD COVER 



\ 




Cloudy 





V 


Partly 7^ 


f 

j 






— 1 








/Clear ^^^^ ^ 






Day 1 BAROMETRIC PRESSURE 




Did the low-pressure areas, showu fust in I igurc 7-1^, 
move during the <bur-day pciiod.^ II* so, in wliat general 
direction? 

D7-2, Did (he lines of temperature diflcreiice, shown first 
in Figure 7~lb, move during (he four-clay period? If so, in 
what general direction? * 

Both pressure areas and lines of temperature difference 
do move. Those on your maps wandered farther to the cast 
during the four-day period. 

The fact that cloud-fbrming agents move makes the job 
of >Vcather prediction more difficult. You must find some way 
to guess in advance when one of these systems will come 
"y»ur way; tcfs see tr t 

the problem of predicting the approach of a low-()ressure 
system. ' ' 

Suppose you were living in Syracuse, New York. On Day 
I of the data period (see Figures 7- 1 a and 7- lb), a low- 
pressure area would be lying tc> the west of you. Examine 
the data for Days 2, 3, and 4 and notice what happens is 
Syracuse as the low-pressure area approaches and theiK^ 
passes by. 

□ 7-3- What happened to the barometric reading in Syracuse 
as the system moved through (rose, fell, or reuiained the 
sajpae)? 

07-4. List the changes in the wind direction in Syracuse as 
the system moved through ^ 

□ 7-5. List changes in the cloud cover as the sy^stem moved 
through Syracuse. 

□ 7-6. Wh^t observations could ,have been used two days in 
advance to predict that the low-pressure area was moving 

into Syracuse? > . . 

<» , 

Now let's look for signs that could be usecf to predict the 
approach and passing of lines of temperature difference. For 
this, you should study Figures 7- lb, 7 2b, 7-3b, and 7-4b. 

Suppose you ^ere living in Fargo, North Dakota, when 
the data on Figure 7- lb were collected. At that point, a line 
of temperature difference would be lying to the west of you. 



! i7-7. Is an lu'lnnd the hue {lo Iho won!) cooUm, oi 

warniiM, tliaii llial in Iron! of it? 



T 



I xaimnc llic tcriipcialinc closely io\ Days 1, :nul ^ and 
iuXkt wlia! Iiappcncd lo itie wcalhei in I aij^) as tlic line 
o\ leinpeialiue Jilleienee nuu'ed fhrcni^fi. 

[ 17-8. Wfial liappened \o llie an leinpeiaUMC a.s ihc line 
approaefieci ami moved tfuon^^Ji l arger (H>se, fell, .stayed the 
.same)? 

[ J7-9. lis! (he changes uS tlie wind- diicclion as the line 
J^ppioaclied and moved thionjL^h l-argo. 

[ J 7-10. I isl changes m I lie cloud covei as tlic line ap- 
proached and moved ihiongli l-'argo. 

What observation could have (old you on Day.s I 
and 2 ihai a line o< lempcialure dillerence was approaching 
Kargo? ' ^ « ' 

N(^v consider the wcatlier in Selfiia, Alabama. 'On Day 
L an approaching line of lenipcraUire difference lies (o the 
west of llial cily, loo. Bui it^ dillerenl fVom the one you just 
examined. Look carefully (o .see how.* \ 

I ]7-12. How does tlic line of temperature change approach- 
m.g Selnja difVcr from that approaching Targo on Day I in 
l- igurc 7 1? 

Look at the weather data for Selma over the four-day 
period- 
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□ 7-13. List changes in the cloud cover in Selma as the line 
ofxlemperature difTeij^hce passed through, 

□ 7-14. List changeinn the wind direction as the line passed 
through Selma- < 

□ 7-15. /What happened to the air temperature as the line 
passed through Selma? 

□ 7-16. What happened to the barometric readings as the 
line pa.ssed (jirougU^ielma? ^ , ' * 



lOi 



(317-17. What ohsci valioiis ccnild have (old you iii advance 
that this lino of Iciiipciatmc dillcrciKc was apj>roaohing 
Sehna? 



Perhaps you now sec what "hncs of Icinperatvirc difVcr- 
cncc" really arc. They arc the edges o< nioving masses of 
warm or cold air. They aic called Jronts. 

A warm front i.s a mass of* relatively warm air that advances 
into a region thai is relatively cold As the warm air ad- 
vances, the lighter, warm air is forced upward over the 
heavier, cold air. This process typically takes place over a 
large area. In a warm front, both the air masses ar^moving 
in the same direction. 1 he advancing warm air mass is mov- 
iqg faster than the retreating cold air mass. 

To visualize this nioHb^nr n"iijrgin*c''n looKuig" af 

the front from the side as it passes by. 1 his side view (or 
cross section) would be what you would see if you sliced 
down throi^gh the front from top to bottom and laid it open. 
Figure 7-5 diagrams what a warm front would look like. 





1500 m 



A cold front is a mass of rela^vely cold air that is dis~ 
placing relatively warm, moist air. The warm air may be 
moved' upward more quickly fiian it is in the usual warm 
front Therefore, the slope of me cold, front is steeper than 
that of the warm front. Figure t}6 diagrams another side 
view of the frontal systeth. Study Figures 7-5 and 7-6 care- 
fully so that you understand thoroughly the difference be- 
tween warm fronts and cold fronts. 

Figure 7-7 shows a different view of warm and cold 
fronts — ^^as if you were looking down upon them from out 
in space. This is the view you get when looking at a weather 
niap, Syn>bols used by meteorologists are shown in the 
figure. ' 



Cold Front 




1500 m 



K 120 km ^ 

Figure 7-6 
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Figure 7-7 




No(icc the relationship of the fronts shown in Figure 7-7 
to each other and to the (o\v-|ucssure area. The general shape 
should be fanuliar to you. Vou\e seen it on the weather 
maps you^'c been studying and ni the photograph shown 
earlier and reprodup'd again in f'igure 7^. 



Figure 7-8 
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In both iMgiMC 7-7 and l ii»urc 7-8 the iwo tioiUs aiul the 
low-pressure area aiMually form one laigc system. Look caic- 
f\illy once more at l ijj^incs 7-1 tlirouj^h 7-4 As you do, try 
to answer tfiesc questions: 

□ 7-18. Are the fronts on the temperature nij^ps located in 
the same general areas as the low-pressure areas on the 
pressure maps? ^ 

Do the low-pressure areas move at roughly the same 
r^te and in the same direction as any froTits near (hcm?|^ 

Well, the pattern on the maps is not completely clear, buj 
two things arc apparent. 

1. Fronts are always associated wltli low-Y^rc^^ 

2. Fronts and pressure systei\is move across the country 
together. 

At this point, you Imivc the chance to stop and gather your 
wits. You are to look back over all tl\e photographs, maps, 
and illustrations in the last chapter and this one. Build a 
picture in your mind (a model) as [o what happens to the 
weather in an area as a large pressure system approaches 
and passes through. Take plenty ot time for thought. It will 
be important to what you will di\ next. Use the questions 
below to guide you in, your thinking. You should discuss 
these questions wiijy^hers who are at about this point. 

1. ApprojcinTately how wide is (he band of cloudiness as- 
sociSied with a warm front? with a cold front? with 

' a low-pressure area? 

2. How far ahead of each type of front or pressure area 
does it extend? (See Figure 7-7.) 

3. What is the pattern of winds around a low-pressure 
frontal system? (See Figures 6-4, 6-7, 7-1 and 7-2.) 

4. How far do cold fronts, warm fronts, and low-pressure 
areas travel in a day? Do they all move at the samfe 
rate? (See Figures 7-1 and 7-2.) 

5. How can you tell in advance when a low-pressure 
frontal system is approaching an area? (Refer to ques- 
tions 7-2 through 7-17.) 

6. What is the relationship, of a high-pressure area to the 
movement and effects of a low-pressure frontal system? 
(See Figures 7-1 and 7-2.) 
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When you foci that you uiulcMSt.nui lunv passing Cronts and 
low-pressure areas afiect weather, you aie ahnost ready to 
app'ly this knowledge to your, local area. Before you try to 
do this, though, you need to consider two more subjects. The 
first is precipitation (r;?^, snow, sleet, and hail). The second 
is clo^tl type. 

Precipitation 

Why does rain or snow (all from one cloud and not from 
another? Why is this precipit^on sometimes a downi>our 
and somatinies only a sprinkle? Why docs precipitation occur 
Ml so many different forms? Fhese are not easy questions 
to answer. In general, it has been ifiorc difficult to exfJlain 
now precipitation gets out of clouds than it has been to 

.€xpUin,Jjaw'..douds.lbrmJji.lh,?,.fe§Lp.!ilc^^ 

If you are interested in learning how to make raindrops, 
see Excursion 7-1, "And the Rains Came Down." 

In Chapter 4, you learned that water begjns collecting on 
dust and salt particles when tjfie temperalure falls below the 
dew point. According to yofr model, this is what causes 
cloud formation If the droplets combine into larger and 
larger ones, they become too heavy to stay aloft. Then they 
fall. Falling water (rain, snow, sleet, or hail) is called precipi- 
tation. 

Along fronts, warm air slides up over cooler air. As it is 
lifted, the warm air cools beloW the dew points. If the warm 
air is quite moist (humidity is high) and/or the cooling is 
quite severe, precipitation is the likely result (Figure 7-9). 
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If the warm air is (airly dry (humidity rs low) or if ihc 
coohng is not great, only a few elouds may Corm (I'igiirc 
7 10). 



Figure 7-10 




Back up to the clouds 

The second subject we will discuss is cloud type. Over the 
years, meteorologists have studied the changes in cloud t%pc 
as weather systems move thrd^'igh an area. They have found 
that the changes fall into the fairly consistent pattern shown 
in Figure 7-11 



Figure 7-11 



( 



Direction of Warm Front Movement 




A 



Clouds are often spoken of as ''billboards of the sky A 
skillful observer 4can tell a great deal about forthcoming 
weather by studying the clouds. 

□7-20. List in order the cloud types you w&uld expect to 
observe a^a cold front approached your area. 
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IJ7-21. l.ist in oido llu' .-I.Mul (vpos von wnuKI rvinnl lo 
observe as a waiiu lioiit ajipioaehod )o'" ■i'^"-' 

Ncnv IctX try lo snnunai./c whal^yoirNC Ica.noa about 
p,odici.ni-Mu- olVcCis of r.ontal syMc.us. Dcser.bo ni lab cs 
7-1 and 7-2 the ohan-cs you wouKi cxpcci lo o.ru. with the, 
warm ami eokl tVoutal systems. 



Table 7-1 



.■ H : . 

•^T. . . '^v:^-. '-^^ ^ ■ . . 

r^: . -t '-'^^^-'. . ■ ■ 


- . ^ . :k . COIJ.) 1"R<)N r 


-4-- 


, Immcdiaicly 
Ahead of the !-ioni 


Along ll^e Front 


hnin*cdiaiely 
lichind the 1 ronl 


Barometric reading 








.fr- Tenipcralurc 








Cloudiness 


. ■ • ' ^ , : ' 




> 


|\. 'Wind direction 









Table 7-2 



Barometric reading-" 



: ^ Temperature 



Cloudiness 



Wind direction 



WARM 1-RONT 



Ahead of the b>oni 



Along the |-Jonl 



Behind ihc Front 
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Yi)u may have had trouble deciding how wind direction 
is alTccted by tVonta! systems. Prcdictr/g^changes m wmd 
direction requires that you know th/dircclion betore the 
front arrives. You would also nee^o know the duect.on ol 
motion of the front. Neither of these bits of mlormation is 
provided in Tables 7-1 and 7-2. 
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PROBLEM BREAK 7-1 

^'oiTvc been kccpin[.\ a vvcadici walch lor qinlc a whilr 
now. You should have quite a collcc(ic>ii of data for youi 
area on variable.s sueh as baiomeliie pressure, wiiul .speed 
and dircetion, eloud eover, e(e. llcre\s your ehanee (o s(ndy 
(hat data and find out if* die patterns in weather eliaijj'e for 
your area ean l>e explained by l!)e model you'\'e l)een studv- 
iniv 

You should look lor relationships between weather varia- 
bles, l or example, you may want to see if your data indieate 
that wind direetion is related to baronieirie pressure, or to 
cloud type, or to dew point. Or you may want to (ind out 
if temperature eliange is related to humidity or to wind 
.>;ilQCcLLct!:>, SAiggest one approaeti to gcttiiig-riiLsw'c.r>. lo-sueh- 
questions. 

Suppose you want to find out how pressure ehange allecls 
temperature ehange. You could make a table like 1 able 7-3. 

Table 7-3 




jl^,^ Pressure Change 
[|fj from One Day 
' /to (he Next 


Prevailing Wind Direction for (he 2ncl Day of ihc 24-1 Ir l^criod 


■ •^Norlh«f!y 


Soiitlicrly 


■ Wc^slcrly 


Hasterly 












^/ .-'steady ^ ^ 


. — ^ ■ 








' ■ Falling 











Tally the data from your weather watch in a table like 
^ 7-3. Each tally /mark) will represent one 24-hr period. After 
all tallies arj/made, you can judge the cOeet of pressure 
change o|v\vind direction. You can even make some caleula- 
. tions. For example, you can calculate the likelihood that one 
kind of pressure change will produce a given wind direction. 
Suppose you want to know how often you' can expect to see 
a southerly wind when the pressure is, falling. Merc's how 
you find out by using your data. 

Sum up all the tallies in the entire table to get a grand 
^ totak Then divide this number into the number of tallies in 
...the appropriate data box. Multiply your answer by 100 to 
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VIhs pcicciila^^c (sonu-linics callcJ probahilily) is a meas- 
ure of (he likclihooti Ihal railing; picssiuc will pioJiiec soulii- 
.oily wiiuis in your area. Of course, ilus pereeiiiaj\e is based 
on linuleJ Jala laken ai one pariivular lini^f oC year. More 
extensive da(a'nu{i,iH give you a ciiHcrcnl peieenla^e tor your 
answer. iv\en with such Imnled data, a porccniagc of (his 
son j;ives you !nt)re preJieiini; power lhan you had belore. 

You siiould now scleel (he \'ariables you wanl lo inve.sli- 
ga(c. Record youi findings and conclusions in your Recoid 
Book. 

□ 7-22. What do you ihnik (he wealherinan means when lie 
.says ^^'Thc chance of rain loday is 30%'"^ Discuss why you 
think he wnnikl make such a siaiement. 

This unit of^ work w-is not designed to make you into a 
'meteorologist. Its purpose \^as to introduce; you to certain 
factors that afVect wcalltbr and to help you put together a 
simple model for explaining those cHccts. You've seen that 
there WH)iild be no change in weather w-ithout movement of 
air. That\s why this unit is titled )!7//^/.v nml ll'cafhcr.^ 

You've investigated njaiiy variables and seen how they 
allcct the motion of\\ir. Yoifve learned something about the 
processes that form clouds. Perhaps you are still jntcrested 
in learning more about old ""cumulonimbus'' mentioned in 
Chapter 1. If so, lake" a look at Excursion 7-2. 

Low- and high-pressure areas and frontal systems have 
also been studied a bit. You are on the verge of being able 
lo predict simple weathci,- changes in your owji region. You 
can try your wings if you wMsh, by taking a look at Excursion 
7^3, "Predicting Weather." 

Don't be disappointed if you aren't confident about your 
predictions. Weather is very complicated and voften unpre- 
dictable. If you don't believe it, ask any weatherman. 

Before going on, do Self-Evaluation 7 in your Record Book. 



Exqursions 

. I ^ 

( 

Do you like !o take (rip.s, to try Something JillViciit, io sec 
new things? |-xcur:^K)ns ean give you (he chanee. In many 
ways they resen^hle chapters. Hut chapters carry the main 
story line. l;xcursiO!\s are skIc trips. I1\ey may help you to 
go further, they may help you go into cliO'erent material, or 
they may just be of interest to you. And some excurs!oiu> are 
provided to help you understand dillicult ideas. 

Whatever way you get (here, after you limsh an excursion, 
you should return to your place in the text material and con- 
tinue with your work. I hese short trips c;m be interesting 
and difleient. 
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Hot Air Balloon 



\ 



The basic cquipinciil needed (or a hot air balloon i,s an 
mtlatable bag and a soiirec of heal. Alnuxsl any size and 
shape of bag will work. 

You can nwike yonr^own ba!!o\)n Ironi a p!;is(ie dry- 
cleaning ba^. Tlie long drts.s-si/.e bag will give the best re- 
suhs. Here is what you and c\ partner will need: 

I plastic dry-cleaning bag (diess-si/c) 
l^lastic straws 
Plastic or cellophane tape 
I alcohol burner 




ACTIVITY 1. You want to trap hot air IriMhebag, so cfieck 
Its sealed fend for leaks. Do this by trapping some air in the 
end of the bag. 



Excursion 1-1 
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ACTIVITY 2. H ll^o bag leaks, you r,hoiild yoal it with tnpc 




In oi\icr-{o collccl hot an m ihc bnu. )\n\\\ need U) be _ 
able lo liokl ihe othe;- end of ilie bail wide o\v.-rr^w can 
make a hoop or eirele ou( of ^!la\vs lo do ihis. To lind ont 
how many straws to use, do the iV^howing aelivit)'^ 



ACTIVITY 3. Flatten the bag out at its open end. Monsure the 

distance across this open end, Multiply this distance (width) j 

by 2. This will give you an approxinate measure o( the length | 

of the bag's opening. \ 

i 
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ACTIVITY 4. Place plastic straws together by pirichincj arid 
folding one end of one straw and inserting it into another 
sffOw,.(Overlap o< the straws should be about 3 cm.) The total 
length of the straw chain should be equal to tlic approximate 
operiing o( the bag'{as determined in Activity 3). 




ACTJVITY 5! By putting the two end straws together, yo^i can 
form a hoop. 




Plastic 
straws 



ACTIVITY 6. Use a few short pieces of tape to hold the\raw 
hoop inside the bag. Overlap the bag about 3 cm. 





\ 



) i 



Krrr II ch-ur of the !h"'u: 

«r thP liciliK^ci alcohol burner. 
. activity;/. Hold <ho bag a ,„„„ed. 

continue to 8up,»Vt the bag as tl.o 




iCaution B 

open fame 



\ 



observations of the bag as tl,c air inside 

do to keep the bag going up- 
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ni. Describe 'your 
is heated. 

□ 2. What would you have to 
once it left ihc ground? 

\ou..aywanttoi.p;ovcyourbaU..^ 
don't try other exper.mcnts us.ng lUtmc ^ 
teacher's permission. 
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Blowin' in the Wind 



Wind direction 

In mounting the all-pmposc wcaihci instrunuMit, the cir- 
cular wind direction indicator should be positioned so that 
the north (N) symbol points toward (rue south. Then any 
pointer reading agaiust this indicator disk will gi\x the direc- 
tion from which the wind i^; blowing.^ 

The important point to remember is that wind direclicm 

^^^^ direction from which it blows. 

Rain . 
gauge 



Total rnin 
indicator 



bxcursion 2-1 



Figure 1 



WIND FROM HERE 





Wind d/rection 
Indicator 



Pointer 
(Wind is 
northwesterly.) 
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• Wind speed 
Indicator 



lie 



A!l!,ou;'h .1 IS poss.bU- lo n-r up !o \?.. pmnK ihc com 
■ xMiul dur-^iion. von xmU use o^iK S ^ nu 

ol llic 



pass lo iiai^c 1 

can kmc! l!u- wnui cliicci.oii .!iu-.i!v |^oih i!k- posi^jion 
movable poinlc! aiMinsi llu- s. .ilr A skou h o! lU-- 
(ions yon may nsc appoais m ! i;'uu- 2 



V 

5, 



Last 



Noilhoast 



South\v(^:.t 




Wont 



Vigure 2 



|< 

1 f 

ii 

1 ^ I 



lly Ihc ponitoi isn'i slaiuMKuy. It moves a? llic w.ikI 
aJ-k anJ loilh. i^i'l v^i can still !;ct an avcias^c rcad- 
no p-or example, if the ponder moves about as shown'm 
MTnn-e 3 the i;cncral clircciion of the wind i} eMvq.K)tccl i^^ 



U.sna 
shifts b 
inji 



be u'c.v/ 
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F-igure 3" 
% 
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WJnd speed 

I'hc wcatluM-slatiDii instninicni also allows you (ojiicasuic 
tJiC wuul speed. 'I lic principle hcluiui (he wiiul sprecl m 
dicator should be oin'ious. lu fael, you can easily build your 
own wind speed indicator if" you are interesled. S^n.- latuire 
4 for hints on doing this, (^'ou will have to furnisli' the com- 
nion materials retpiired.) 



Bomd 



_^ SlJppOft 




\ 
Naif- 



-Motal strip 
(2 trni wide, 
cut from an 
aluminuni or 
tin cati) 



\ 



\ 



Figure 4 



Your instruinenl will have (o be calibrated in orcTei;, to be 
useful in making your observations. To make the wind spgcd 
stale, wait for a calm day, then lake "your indicator Ibiva 
car ride. 



I- 



ACTIVITY 1. Hold the indicator out the window of the car that 
Is moving. The moving air will move the speed indicator just 
as wind moving at the same speed does. Mark the scale at 
Intervals of 5 mph. 
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Ill krcpiiir^ \ou\ \\\\\\\\c\ w.iuli, [\\C\C \\\A\ l>C (lllK's (rspc 
fi.illy oil wcckoiuis) whrn {\\c wc.illu'i slkioh msdiiinriii is 
nol :i\.iil.il)U\ ll'lhis l^ ihr ,iiuI \imi <K>!i'( \\a\c \o\\\ 

own insdnincnl, you can cslini.Ur w iiul ..spec J \\\\\\\ :u\'ii- 
Mlcl)'. KiMc I will help yon Jo lliis l l^j^ (.iblo lisis roninion 
c\cn(s Willi [\\c appKVMin.ilr winJ spcrd associalrj wilh 



Table 1 





ol ( \>nuiu>i5 ( )hjc^(s 


in Jill 


km/ hi 


[ cs> (h.m 
1 


Less (hai\ 
1 


Srn'^ko I iscN \ c! i:c,ill\ . 


1 10 3 


2 10 3 


Sinoko dulls, lull li'O^^; hiup. ()i(,h- 
iKuy w iikI \ ;mk*s Useless. 


4 (0 7 


O'lo 1 1 


Wiiul iVlt t>ji fiicc:. 1 caves nisilc. Ordi- 
nary w'nul \ aiu*-. !ni>\ e. 


8 U) ! 2 


12 to 19 


Leaves ajul twig.s in nuHion. l.ii;!)t llai^s 
arc extended. 


13 10 18 ' 


20 to 29 


Oust and loose pajH*r raised. .Small 
hranelu's are nu)\c<l. 


19 to 24 ' 


30 to 39 


iSniall trees begin to sway. W'hiteeaps 
form on lakes. 


25 to 31 


40 U)\S0 


■I , 

i.ar^ie hianohes in motion: Wires whistle. 
Umbrellas hard to use. - 
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Billboards of the Sky 



Excursion 2.-2. 



Since aiiciciu limes, men have watched (tie skies and ined 
to predict the comiiig weatlicr by what they obsci-ved j I .onj; 
bcloie ilic clouds were given scientific names lo identify 
ihcm, they were described in te^jus oftiungs that they resem- 
bled. 'HuKs, statements like the IbllowiiVg were commonly 
used: 

''Macketel scales and mare's tails 

Make lofty ships carry low sails. ■ 



FRIC 



Figure 1 "Mnckcicl scales" 




ifl'^ -i^ <:^">- . „ 




Figure 2 ' Marc's tails'' 
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1 , . ■'i*iiiu''ift!-'«rA.<r 




m 




Ihc apiHMi.iiui- o! .K-n^l'^ ,r. mcM! o! small palrlirs 

loscMnblmji ilu- scilc, ol .1 Hsli d i;'.>!'c 1 ) 01 uisp) IiKhikmus 
like Iho aulin;: hau in a Iumsc's tail (I li'uu ?.) \o^c\ok\ a 
stoiin, lipon srciii;- ihosc mj-iis. .saiKus uoiiKMowc! ihcii 
ship's L'aiuas. 




EXCURSION 2-2 



or all the dilVcrcnt cloniciits ol" the weather that you will 
be .Studying, clouds and the forms of nioisiurc that come 
fioni them are the only things that are generally visible. We 
can describe and name eloiids by their appearance. You 
don't have to rely on an instrument Ibr their description. 1( 
you learn the vocabulary of the cloud typos, you can read 
them like a billboard. A\k\ you will also have some jdea of 
coming events in the weather. 

Much ]ikc people, clouds tend to be found in families. 
The three cloud names that you have used in Chapter 2 
■*cirrus, stratus, and cumulus) are really family names given 
*o them by a ninetcenlh-century chemist named lAike 
Howard. Cirrus means 'Yuri of hair," siraiiis means ^^spread 
out," imd'amfuhis indicates a "pile." Also like people, there 
is often a combination of families. This means that there can 
be cirrus and cumulus combined, or cumulus and stratus, 
or stratus and cirru.s. ^Huis, the mackerel .scales (f-igure 1) 
mejitioned in the weather adagy^irc really cirrocumulus, or 
"wispy piles." 



All ti( ?>i^-J vi)c clouds arc loinul al hij'Ji alliliulcs^ (loin 
0,100 nictcis (20,000Jccl) on up. A( lluvsc hcij'JUs, ihc Icmw 
peiatiiro is so cokl that ihc cloiuls arc coiuposcJ ciiiiicK o( 
ice crystals. These crystals arc vcr)' line and (Iclicaic. I lu.s 
acccninis ("or (he ha/y, l\lnn\ and u'ispy appearance o( the 
ckHu.ls. A eirrc\s(ra(us cknul is just a high sheet oC icc crystals 
spread out al one level abine the earth. 'I hese clouds j\ive 
the sky a liliny appearaiice ^^'^^^l ^^^''^^ ^ '^V^. h^Oo, aiouud 
Ihc n\oon or ,s'un. (See lagurc 3.) 



Cirrosiratus Clouds (Wisp)' and spread out in a l;iyer) 




..The three main categories of eloud.s ' often have other 
names added 10 ihcm to further dcvscribc some of the varia- 
tions. 1'he prefix a!fo (meaning "high") can be added to (lie 
terms stratus and cumulus. \o indiea(e a high, spread-cyM 
layer of clouds, the word altostratus is used. Clouds at high 
altitude and piled up are called altocumulus. They arc found 
from 2,440 melers'tQ,6,^700 meters (8,000 feet to 20,000 feet). 



Figure 3 



EXCURSION 2-2 109 



^1 



• ^ ♦ 



. -It 



Figure 4 Altostnitiis ^''■^ ^'''"'^ ''^ "^^^ '* dcsignaled as 

altocirni.s? 







Figure 5 Altocumulus 
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The Latin word nimbus, iiiean/ng "atin cloud," is oflch 
used to indicate a cloud from whicF^ precipitation ijv (alliii^. 
Thus, heavy stratus clouds from \vhidi rain or snow is falling 
are called nimbostratus. Stratus, stratocumulus, and nimbo- 
stratus are fouiul below 2,440 meters (8,000 feet). _ ' . 







Stratus Cloud Fogging nciw (he Top o( a Mo\iniaio 



Figure 6 



Slratocunuihis 

(SpreaJ-oul layer of pilcil-\!p clouds) 
Figure 7 



Niuibo-slraUis 
(Spread-out rain clo\)ds) 
Figure 8 




V.A 






Ciiiiuiliis <iiid clunuloiuinbiis dluuulci head) cloiui.s a^^c 
(blind at all altididrs, lioin 2,^1U) n/c(riN (K, ()()() (cci) [o 18. 300 
mclcMs (()(),()(){) feci). I he nnnidns in (he lypical cloud oi (aii 
\vcadic!\ icsoinhhn}\ a (liill^ V.-h!(c pdc. A coiUinuous j;io\v(h 
of (he ciunuliis cloud pioduccs (he (icice eiumdomiubus ol' 
(he (Inuulerstonn. I'lns eloii^l is (he one aNN(.>cia{eLl \vi(h our 
j Cunnilus (Piied-up clouds) Figure 9 most \aeions weailier, luclndin^; (oniadocs and hails(oiins. 




□ 2. Now sec if you can identify some of the (ei^ variedos 
Cumuloitimbiis (Piled-up rain cloiKhs) of clouds that have been mentioned. Don't look back to the 

Figure 10 descriptions unless yon iiave to. 




k 



Mm 



'V 



A. A h![;li .shod (2/100 OJOO nuMcis) Ih.U innkrs (ho mim 
appear as i( yon wcic scciiig il ihiough tissue [)apci 



Figure 1 1 




B. ^ low cloud (below 2,440 meters) that look,$Mike a layer 
of rolls or twists. 




|| \ What cIoikI l^pc c.iHcJ :\ (or, ^^lKMl U is 



I ij'.lil ilow 11 



r. -I'caihc!) sk),"" f icjiire 1!> 




SI 



If 

1i 



^1 •■•!^^^ftJ^■^■.V•4 .... 




Figure 17 H^""'^ ^'^^ morning, mountains, In the evening, fountnins/' 
Figure 18 1. ^ ^'Curdled sky, Not 24 liours dry.'^ 
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Check the answers below to tiie ten cloud types. Then, 
as you go through the rest of the unit. See if you can deter- 
mine why the weather adages give a clue to the coming 
weather in terms of the model that you develop. 

A. Altostratus B. Stratocumukis C. Cuhiulonimbus 

Nimbostratus E. Stratus F Cirrus 

G. Altocumulus H. Cumulus \ Cirrocumulus 




■J 



The Conyersip .Excursion ^ 

Excursion 
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Temperature 

So far in the l.SC^ course, you Jkivc measured icmperaturc 
in Celsius units. On the Celsius seale, the freezing point of 
water is O^C, and the boiling point of water is lOO'^C. The 
ti^mperature on a warm spring day might be something like 
24^C. However, when temperatures are given in a newspa- 
per, radio, or TV weather report, these temperatures are 
usually given in Fahrenheit degrees. When recording your 
Qwn weather information in tliis unit, yoii^iiay also use 
Fahrenheit degrees. How are the Fahrenheit and Celsius 
temperature scales related? . -v^ 
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¥ 



n 



I'lj^urc I .s!u>\\s how smwc lIuMmoiiKMoi \\'oiiM look 
il'iiKukc^! Ill cIcjL^icrs C'rlsMis (.i) ami in tlQ^Mrcs I'aliicnhcU 
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□ 1. How many degrees sej3aralc ih-c -freezing point and the 
boiling point of water on the Celsius temperature scale? 

□ 2, How many degrees separate the freezing point and the 
boiling pcsini of water on .the Fahrenheit temperature scale? 

□ 3. Which is the higher temperature, 50^C or 50'F? 

□ 4. Which i$ the bigger temperature change, 10 degrees on 
the Celsius scale' or 10 degrees on the Fahrenheit scale? 




Speed 



/ 



I lu- wiiul sprcJ iiuluaioi oil ihc wciiIum s(;i(u)n msdii- 
iiKMi! IS calibintrcl m (lie ! nrjisl, syMoin (iinlcs pn lioiii ) 
Yoii may wani convcil I nrjisli m,K's u> iho m,iiu- ,s3siiau 
(kiloiiiciors pci liuui.) 

In a iiulc, Ilicic arc about I. (>()() niclcis, or l.d kiloiiu-lcrs 
(;ih(^!c\aaiccl km). Tlius, if ihc miml>or oC miles is muldphcJ 
by 1.^, [he aiiswei' will be m kilomeiers. 
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□ 5. What is the wiiul spccd'in km/hr if it is blowiiiii, ;u 
a rate of 10 mph? 20 mpli? 25 mph? ^ 

□ 6. Wind is considered to be oMnirricane force if it's speed 
is 75 mph or above. How fast in kni/hr would this be? 

□ 7. A breeze of 64 km/hv has what .speed ii) mph? 
Precipitation 

The precipitation gauge on the weather-station instrument 
is calibrated in inches. Precipitation figures given in the news 
media (newspapers, radio, TV) are also uJiually in inches. , 
It is an easy task to convert inches to centimeters. / 

There are 2.54 ceniimet^s in each inch. Therefore, if Ihd 
number of inches is multiplied by 2.54, the answer will l/e 
in centimeters. ^' 

\ / 

□ 8. Suppose the rain gauge shows (hat 2.5 inches fe^riasl 
night. How many centimeters of rain fell? V . 
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The Pressure's On 



Excu 





The tcnn pressure will be used many times in this unit. Do 
you understand what it means? Test yourself with (he fol- 
lowing checkup. When you have finished, check your an- 
swers ar the end of this excursion, If you get both answers 
100% correct and arc satisfied that you fully understand pres- 
sure, skip the rest of this excursion. 

If you are less sucee?isful or have any doubts, stay with 

it. 



CHECKUP 

1. In your Record Book place a check by any of the following 
that could be a measure of pressure. 



7 pounds ( ) 

9 newtons ( ) 



2. 



d. 4*^ square inches ( ) 

e. 8 newtons per square 
meter ( ) 

c. 6 pounds per square , . 

inch ( ) 

A 500-pound metal bar is lying on a bench. The area of 
the bottom of the bar is 50 square inches. What is the 
pressure of the bar on the bench? ( ) 



500-pound bar 





A 200 pcMiiul mail walks aCK^ss soK mu)\v. 1 sinks mlo 
the S!U)\v up Ic) his knees. ACiei pnilmr. o\\ a pan ol snow- 
shoes, he leaves only a .shallow h)olpnnl as he walks aeioss 
(he sunc siunvheki. Ceilanily ihe man cloesn^t wbi^^h any less 
after he puts on snowsluH^s. (In !ael, the weii^JU t^fthe siunv- 
slioes wouhi ineiease his total wen^.ht.) 

I j1. Why cK^iTl (he man and his snowshoes sink as deeply 
into tlie snow? 

hi answering question I, you prohably used (he idea that 
snowshoes spread the man's weirju over a higi^er area. '1 his 
idea is the key to understandinj^ pressure. Whether the jnan 
is wearing sut^nvshoes or not, his feet push on the snow wuh 
a Ibrco of 200 pounds (his weighi). Wheirhe wears snow- 
shoes, this foree is spread out over a bigger area. The term 
pressure is used to deseribc how coneenlrated a force is (how 
mueh force there is on each unit of area). One of the com- 
mon ways that pressure is measured is in pounds per scjua^c 
inch. Suppose the man takes a walk with one shoe and one 
snowshoc. To make ihcV^aleulations simple, let\s suppose the 
total area of the man\s slioe is ?0 square inches, while the 
total area of a snowslioe is 400 square inehes. 



200 lb 



Ordinary shoe 




50 square inches 



200 lb 




400 square Inches 
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IS 



Thus, the force exerted by each square inch of the shoe 
200 !b/50sq in. 4 !b/sq in. 



1 r 



30 



'I'his loicc per sc|iiaio ii)c;h l^ ihc picssiiic cxcilcJ h) iho 
man on ihc .siu)\v iiiuUm his lool. All iho iikh/s -M)0 pcMiiuls 
IS spread ovci SO sqnaio inches o( snow 

The lorec exefled on !he snow \\\\l\c\ ihe sncnvshcu^ eai^ 
be ealeuhileJ in the same vyay. I'*aeh snowshoe has an aic-'^ 
c^r^OO square inches. 1( is pnshed inio the snow with a ioiee 
of 200 pounds il" ihc UKin i.s puiiinj\ all his weiii^hl on one 
foot. 

[7)2. Calculate the force exei ted on each square inch dio 
snowshoe. 

We c:jin use tliis idea of prcs:sure to explain why the man 
docs not sink into the snow wlien wearing snowshocs: 

When wearing shoes, the pressure o( the shoe On (he snow 
is four pounds per square inch. Wiicn weaiing snowshocs, 
the pressure of the snowshoe on the snow is less, c>i'i!y 0.5 
pound per square inch. 

Pressure, then, measures the conccntratioii of a ibrcc. It 
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IUi( wUaI alnnil ;im |Mrssiiir'.^ I ikc ilu' iiKin. aw \\a^ \\\'\v\\\ 
111 I'.kM. lUc :ni :iluno \'ou! hoiisr or ap.iilnirnl (assume ihc 
lool ol' iho house !m\c ;m) area ol' K.^OO s^piaic led) is 
ahonl K-'^^O Ions ('J(n),(H)(^ lb)' Aic is n^i hi^hi' Hii! wlial 
ahoiil ihc pi-ossMic;^ Siiiec iUc l,>M) ions c\ci led b\ ilns ;.m cai 
wcMjJit IS spicaci cnc! iho loial aica oC youi house. )'ou ean 
Jeleianine llie aii niessuie o.n i( 



3.100,000 lb 



;5 




ll' wc apply the opcraliona! dcnnition (hat pressure 



fbrcc (lb) 
area (sq in) 



then the air pressure, on (ho house would be 
3,100.000 lb 

! ' 216,000 sq m, 

about 14 !b/sq in. 

livery square inch of roof.'has 14 lb of air weight on it. 
For answers, to the chcckj^invert the -page. . 



> ui bs/qi 01 2 . ^(9) P'^'e (3) l 
IZl aBejcl uo dn>j[09M0 O] jeMSuv 

1 r/ ■ 



Measuring Air 
Pressure . . . 
in Inches? 



Excursion 3-2 




VVIKU docs ,f ,pcan ,o .say (ha( (ho almosphonc prcsMuc ,.s 
30 .nchcs of mcrcu.y.> Wluu ha.s the !eno(h of mercury -hX 
to do Willi press 11 re? . ; ^ ^ 

Thj; (irsl person (o n.e (he lcno,h of a column of mercury 
to measure air pressure was Cvangelista Torncelli an Italian 
who died at age 39 in 1647. Rathe^- than describe lolricem's 
cxpennients to you, we will give you the chance to read some 
of h.s own words. The letter that appears on the (bilowm.. - 
pages ,s part of a longer letter written by Torricelli in 164-1 
We found this old document of great inieresi-7N)d hope you 
may, too. A few marginal notes have been added to h'ein 
you understand it. . ' 
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M051" 
MOST 



Torricelli tells RiccJ tuat 
he has Qonstmctoci :\n 
jr%|n^ynorU io moasuro 
cl>«ngos In air pressutc. 



Air pressuro is due to the 
weight of a column air 
50 miles high. The air is 
most dense near the earth's 
surface and much less dense 
at higher altitudes. 



\ . , -I llinl 111''"' ""' "' 
, _„||,„, „,l.'..l.<... I» ,, s 1. -.nnn„, 

. » - . ., , , 

■ I-' '">"'"^' ' II-; „„ / 111.' 

1 I , I doc., iiiiii'^'^ ,„ II"' 





'•♦Adapted from pages A Trciiswy of Wvyld Scii'/icc, edited by Dagobcrl • 

D. Runes. eopyVight 1962. Phiiosbpbie^a'l Library, Inc.'' ' ' ' ^ ' 
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^ ^ 1. 



.A 



A cjlai,ii lubo about (hfoc^ 

long was iC.ccl with 
fnorcu;y (Quicksilver) 
iind mvfMod If) 0 bowl 
of rnufciuy 



"ibc lovL'l o/ mercury m 
Hio tube /(.'I! until it was 
nbout 30 i/iclies above 
ine level of tho morcufy 
'n tbo bowl. 1 ho space 
<ibove the DJOfcury 
co;unui was essontinlly 
^ vacuufn. 



■ Vacuum 



■ Mercury 
colunin 



' Mercury 
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Iho column oi mofcury 
is supported by air' 



- ■ \ 

Air pressiire will " X 
supi^ort a column of 
water about 34 feot hiyh. 



Tonicelli did not choose 
to uso the instrument to 
moasuro air pressure 
because ho cofisidered 
the hoigtii ot iUh column 
lo depend also upon 
temperature This effect is 
actually V017 small and is 
usually ign'brcd. 
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yavier aucl when il "iom . ^.^.^^-^,„ 

(u,h.V/- I would nolhave ' f ;/ ^ 0/ n,V. 

to cold or heai, exactly r/ i^^"-" / 

• . E. TORKfC^ELLI 




I' 



l'i-sM,o,y,,,, w,ll 1,0 „s,„g-n„ „,„.,„„/ I,;,,.,,,,,,,, I, ,^^. ,„;.,, 

01 Im. a .,„:,ll d.sk..sl,a|,«i h.« IVom wl„cl, „u r ' 

l'.-.-s boo,, ,c„,«v„l TI,o d,.sk «„ 1,0 soo„ ,„ ,„„., ,„ , 

look .M,n,oll„„j., ,1,0 o„o ci,i,«„ „, |--„.,„o I, 





Disk 
with most oi 
!he air removed 



Figure 1 



• As ,hc air pressorc on thcdusk changes, the top and hoito.n 
a.e squeezed tooether or expand, ean.sing levers and .springs 
(o move the pointer. ' ' ^• 

You will notice that there are two eireular scales on the 
barometer. face (Figure 2). 



Figure 2 



The lop \(\\\c (c'lK ihr lu'ij'hl Ml iikIu's lo wliuh a 

loluiiin o! iiiLK.111)' L\\ii be siippoMcd In ihr picNMiie o{ iIh* 
an . KcMUCiuboi (hat Toi i k'cIIi ioinul ihis to be aboiil }0 
\nchcs. 

Ihc boltoiii scale leeouls (he an piessuie m millibars 
(inh). /\ inillib.M is a ineasine ol piessine Keineinhei (hal 
]^iessure can be expiesscil <is (he ainoun! of foiee pei aiea 
I^I(*ilJS*^[»\^^ (sec Excursion 3-1, '"Khe l^essuie's On'). One inillibar ol\ 

prcssnre is the same as ().()b15 ponnj pei scpiaie meh The 
air piessuie nceJeJ (o siippoit a eohnnn ol meieniy 30 
■ inehc.s high is bO!() millibars. 

(Hi- What an piessnie in pomuls per sqnaie meh is KnpnieJ 
to\snpport this meieiiry ec^lnmn oi' 30 inehes? 

I7]2. Mow many pounds pei square ineh of pressure are 
required (o support a 29-ineh mereury column'.^ 

I'Or your weaihcr waleh, you should rceord (he baromenae 
pressure in inehes; thus, you ean ignore (he millibar seale. 
> Now lc(\s find ou( how to operate the aneroid b:\rometer. 

Notice that halfway between 29 and 30 on the barometer 
scale is the numeral 5. If the black nec<4,lc were directly on 
that line, the reading would be 29,50 inches (l*igure 3). 'If 
it were on the dark line just to the right ofthc S, the reading 
would be 29.60 inches. 



Figure 3\ 

\ 
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\ ( J3. (io to wlu-ic (lie ,iiUM(Mil baionu-tci is K-n alC<] lu your 
">oom (or \n the wcMthci staliou) ami rocoiJ (hr an |iic',sii!c 
m inches. 

before contimiiui^;, clu'cL your rcadin;^^ with your Icachci. 
You will notice that there is a silver iieeiUe-oii the (barome- 
ter. This needle can be used as a marker to hejp you keeji 
(tack of" how air pre.ssuie changes (Voin one reatlhig-, to the 
next. By .setting the silver needle dnectly over the black 
• needle, you can s^-e how much, if any, the black needle has 
moved when a later reading is nuide. You can move the silver 
needle by turning the knob on the (ace of (he barometer. 
Vlu.s will bo very useful becau.se you can immediately tell 
if there was a rise or f.ill in the pressure l^riicc the last reading. 

□ 4. Figure 4 shows the position of the black needle about 
twelve hours after its position was marked with the silver 
v^'NliecdJe. Mow much has the barometer reading changed in 
ilic twelve hours? 




□ 5. Does the change in pressure represent a rise, or a fall, 
in air pressure? 



Here is a good technique to use when reading an aneroid 
bargrncte-r. Gently tap the gla.ss of the barometer before 
taking the reading. This will force the needle bearing if it 
IS sticking slightly—a common occurrence in many aneroid ' • 

barometers.' Try it and see./ 

If you arc not sure of your ability to "read" the aneroid 
barometer, test yourself with the three problems in the fol- 
Jowing checkup. You can check your answers at the end of the 
., clleckup. . . EXCURSION 3-2 



CHECKUP 



1. Minr (lie sil\'rr ^u\nl!c od (lie anciou! hai(H!KMci (hy 
■tuiiunr, [he kixji^) so iImI il [hmiUs lo 

2. Mo\'c the i>il\'ci MccJlc NO ih.il ii ]k>iiUn [o ?.9.S>. 

3. WIkiI is the baicMncdu' piCNsuic, in iiichcs^x^fuus'n in 



Figure 5 




Answers to checkup 
1. 
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3, 30.12, or 30-13, or 30.14 

if you^missed any of these, and don't understand why the 
answers given are correct, talk It over. with your teacher 



1 f 



The Shivering 
Thermometer 



Excursion 4-1 



Try tcV rcn^cmbcr your last vaccination. Was alcohol used fo 
cjcan your arn^? Ifso, you probably noticed that the cleansed 
spot on your arn^ felt cold. Why? 

V 

ACTIVITY 1, Lick the back of your hand. Walt a few seconds; 
then blow across the wet spot. 




□ 1. Describe how the wet spot felt before you blew across, 
it, and then while you blew across it. 

Let's find out more about this cooling. You will neecrthe 
following materials: 

. 1 thermameler 
1 4-cm piece of wiek 
Baby-food jar half-filled with alcohol 




ACTIVITY 2. Place ii dry wick ovoi the end of ;i thoiinoiuotoi- 
In doing this, yoin finfjors will p.ohnbly touctTthe bulb and 
cause Uie temperature to rise. When the teniperi>tui e returns 
to normal, record it as Temperature A in Table 1. This is the 
temperature ol the air. 



Tliumionujln 




ACTIVITY 3. Place tlie thermometer }n the jar of alcohol. 
Record the temperature of the alcohol as Temperature B in 
Table 1- 





Alcohol JWf 



ACTIVITY 4 Remove the thermometer from the alcohol aiSd 
wave it around for about 15 seconds. Record the temperature 
as Temperature C In Table 1 



Tnble 1 







'I'cinpci :i(iirc A 




^. TcnipciiUiiic 









na. What is (he dinoicncc hclwcca 1 cinpciaini c A and 
Icmpciatuic B? 

□ 3. What IS (he cliircicncc Ixiwecii rempeiadiie R aiul 
TiMiipeiafure C? 

□ 4. How do you explain (lie.sc dillercnces in (enipcralnic-? 

You probably found (hat (he air (emperature (A) and tlu- 
alcohol temperature (B) were very similar. However, Tem- 
perature C w;|s nuich lower. 

□ 5. What happened to (he alcohol as the temperature 
(iropped? 



- Alcohol was u.sed in thrs activity because it evaporates 
rapidly. 'I his evaporation is related to the temperature drop 
that you observed. Blowing acro.ss the wet .spot on yoiu" hand 
speeds up (he evaporation of (he liquid. You can compare 
the cooling ellbct of evaporation of (he two liquid.s. 



ACTIVITY 5. Rut a small amount of alcohol on the back of 
one hand. Then lick the back of the other. Now blow across 
both hands at the same time. Continue blowing until one of 
the liquids disappears. 



hi 
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3r 



Rid 



II 



r |6. Which h:uui h*lt rnolci as von hirw anoss il".'' 



I _)7. W^fich hqiiR] cxapoiaird iUv faster"^ (Yon niav wanl 
(o clc\'isc afKXhci w ay (o ct)!npaic lhc^o^■apoI alioii lalc of 
(he hquuls.) 

You luay recall lVe)in \'ohni\es« 1 an(.i 2 oriS(\S lhat energy 
is absoihed by a hcinul when ii ehanr,es lo a jvi"^- l l^is encij',v 
(iisiially heal) !s absoiheil (loin the sni lonndiiigs. , 

□ 8. l'X|-)lain (he lad (hal (he baeks of your hands Teh cool 
while the liquids were evapoiating. 

□ 9. Why did the aleohol make the hand leel cooler than 
the othei" liquid did? ' 

Wet- and dry-bulb thermometers 

Kecall how you delcrniined the relative humidity and dew-^ 
point by using the sling psychronietcj". You found thni th^' 
icnipernturc of the wcl-bulb theriiionicter w^as loWer than 
that ol^ the dry-bulb thornKMiieter. What you kncnv ab<Hit 
cooling and evaporation should help explain this didcreiice. 
The energy needed lo evaporate- lhe<^ water from ihc wick 
wUks taken froji) the wel~bu!b iherniometer. .As a result the 
thermonietcr cooled down. /^\^^^'^ 

But why did you have to twirl the sliiig psych romete^ 
around? Why wasn't the dilVcrcnce bctw^ecn the ciry- and 
wct-bulb thcrmomGtcrs always the same? Let's try an experi- 
ment to help find the answers to these two questions. You 
and a partner need these materials: 

1 Ihermomclcr ^ . * ' ■ , 

I wick 

1 baby-food jar half-filled wath alcohol. ' 



ACTIVITY 6. Place the wick over the end of the thermometer. 
Dip the thermometer Into the alcohol and remove It. Place 
It on the table and read the temperature at 15-second inter- 
vals. Record the reaflings in row 1 of Table 2. 



Table 2 





'Condi lion 

- 


TcnijHM.iUifc ("C) 


A Her 
15 sec. 


After 


A Ac I 
^15 sec. 




■ 'riicnnojncicr \ 
., (yiiiiiblu) 


^ 








(Winded aroiiiu!) 






r ' ^ '■ * 

•Vj.;. ■ . 





^. T I ^'''""^ thermometer and wick into the 

alcohol. Remove It, and wave It abound steadily, stopping a! 
1 5-second mtervals to /fead the temperature. Record the read- 
Ings in Table 2. 




□ 10. Usnio your particle model, explain why ,he movino' 
hcrmometer cooled oirn.o.^^ r.pmy. (You may want to use 
the ISCS Volumes I and 2 particle model m your' cxpla- 
nation.) ■ ^vpui 

. The particle model for matter say.s that (his encf-y speeds 
up moy.ng part.cles. The fast-moving part.cles mayllalc (ho 

between gaseous water particles directly above the liquid 
may knock some particles back into (he liquid again I( is 
also possible for particles to return tolhe liquid juS because 
they are .movmg in that direction. 




J 
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When will the number of particles of evaporated liquid 
returning to the liquid be the gt^eatest? It will be when the 
air above the liquid is saturated With particles from the liq- 
uid. Saturated mcajis the air has all the evaporated liquid 
it can hold- A sponge is saturated with water when it is 
holding all the water it can. 

Suppose, for example, the evaporating liquid is water. The 
greatest return of water particles to the liquid would occur 
when the air is saturated with Nvater vapor; in other words, 
when the humidity is 100^/(>- The number of particles leaving 
the liquid would be balanced by the number of evaporated 
liquid particles returning. This idea of particle balance is 
illustrated in Figure 1. 



Flgurt 1 



SATURATED AIR 
(100% humidity) 



UNSATURATED^ AIR 
(Less than^ ^ 
100% humkJItyl 





Number of particles 
leaving the liquid 



Number of particles 

reentering the liquid 



Number of particles 
leaving the liquid 



> * 

(is great- 
er than) 



Number of partldee. 

reentering the liquid 
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nil- Suppose the particles leaving the liquid were tcmoVcd 
from above th^e liquid (blown away, for example). How 
would this affect the evaporation of tfie liquid? 



PcilKips yc)ii can sec w h)' \ou *\s!in;!," (he p.\) rhi oniclci . 
(The .snnte leasoii exphuns why wel elolhes diy (aster on a 
windy Jay (han on a ilay when (he aii is eahn ) The aii 
inimedialely ncx( (o (!)e wet-bulb (hei nu>iue(ev^nK)y be sadi- 
ra(ed with w'a(e(. Ihn\'evei\ l^y swinj^inj^ (he (heinuunelei 
around, yon eonstanfly luring (he w'e( suifaee iiHo iei;ions 
where (he air is not ba(ura(ed. 

ni2- Supoose (he humidity in yoni" ehissi ooni is lOOV?- (sa(u- 
ia(ed air), vj^ny would (he (enipeialuie of (hc^ we(- aiul 
dry-bulb (heriuonieters eoiupaie? 

J* 

When (ho aii is not saturated, partiele.s will evapoiate lion) 
(he wct-bulb (hernionietor. The driei the air, (he fastei the 
evaporation. Thus, (he IxMter (he eooling and (he g!ea(er (he 
diflerencc bcuveen (he wet- and dry-bulb ieaduu\s. 

l!) summary, in humid (nioist) air, (he difrercnce in leiu- 
pcra(yrc bc(wcen (he (wo thci inometeis is sligh(, if\tny. In 
very dry air, (he w^et-bulb thern)on)e(er gives a much lo\\'e! 
rea^fing ll|an does (he di*y-bulb' (hernu)mc(ei\ This should 
help explain (he figures in '(able 4-2 of Chap(er 4. 




Condensed condeiisiitlon 

llu- pinticic 1!uhI(^I is als^^ iisrhil in cxpl.iiiimf, ixhuIcii 
.salu)n. It is the i^ppositc i^f cv.ip^n .Uumi In cinulriis.iiion, .1 
i-,;\s becomes lupiul. (. oiulciisaln)!! olO)is \mi1i i\H>lin-. As 
the i>as ciH^ls, Its pai tides k^sc ciK-rr.y and move move sKnvly. 
riK-'l\MCCs 1)1" altiactK>n between the paitieles are Miflieieul 
[o bnnt\ these sKiwei luovinji, paitieles ti^j.',ethei . 

Vou have seen inoistuie jvUhei .on (he outsule ol a e^Mi 
tamer ol' eoUl lupiul. (This is smulai io ihc way you Jelei 
mined clew point ) The air elose to (he eohl eont.iiner is 
eoolcd as the container absorbs heal iicMU il. The pailicles 
m the :ur lose some cW" (heir enerj^^^y. W'lih ledueed motion, 
{\asccnis water partieles join to>',etli^'' ''^^'"^ visible hip 
nid droplets. 
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How High Are Excursion 5-1 

the Clouds? 



Mnny \v?inn sumiMcr days begin with a cloudless sky. By 
noon, however, piillballs of eunuilus clouds may have ap- 
peared. Meat from the earth's .surface has lifted moist an" up, 
forining'clouds. Usually these clouds l^ave (lat bottouis. 

□ 1. How do you account for the Hat bottoms when the 
cloud top,s aren't Hal at all? 

1diat isn't an easy question, but you may be closer to the 
answer than you think. As n^oist, warm air rises, it gradually 
cools. Eventually it gets high enough and cool enougli so 
that the water vapor condenses. This condensing (cloud for- 
mation) happens just when the temperature of the air is the 
same as the dew point. This occurs at a specific height above 
the earth. (Of course, this height varies from day to day.) 

□ 2. What part of the cloud is the first to form, the top or 
the bottom? 

□ 3. Can you now explain the flat-bottomed clouds? 

1 




Figure 1 
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As ail uses, it c\H)!s al .in a\c!.i;\r iMc ol" atunil pci 
100 in. 



1)4. llow'nnuli iOo\c\ uonKl \hc an he al -ItH) m (ban ai 
j\unnu! Ic\tI^ (1"ij\\iic 2) 



Figure 2 



T coolor 



cooler 



1" cooierV 
100 m 



I 



200 rn 



300 ni 



^JOO rn 



Eartli 



The Jew |X)in( of air decreases a( an averai;e late of T'C 
per 550 n^. 

□ 5. How nuieh less would the dew point of air be al 
2,200 in than at ground level? 



Figure 3 



Dow point 



Dew point 
3"^ less 



Dow point 
2'' loss 



A 



Dgw point 
1° less 



t 

550 m I 



100 m 



1 650 m 



2200 m 



\ 



Earth 



□ 6. Which decreases faster will) altitude, t^ie air tempera- 
ture or the dew point? . 
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■ . J: 'Jo 



jFRfcl 



3500- - 



\2 3000+ 
E 

c- :^50o4- 



a) 

S 2000 



1500- - 
1000^ ] 
500 ' - 



V 



Figure ^ 



1"C 



of Dew Point Docreaso , 
"C of Air Tonipointiitfi Doctoaso . 



As altitude iiKTca.scs, the air tcinpctaiuic falls lastcr than 
(ho clew point. Therefore, at some specific altitiido, tlio an 
icmpcratiuc will ()c equal to the, dew point: At that altitude, 
clouds will begiii to^Corin. Since cipud hoUonis Ihvm liist' 
all oCthcni will be (lat at that height. (The rest ofdie cloud 
forms as the warm air continues upward. What do yoi>. thmk 
causes some' clouds to sto|) getting larger?) 

Your problem is to find the height of the base of clouds. 
Assume that the temperature at tinrlxise of the cloud is at 
the dew point. 

Calculating the height of the cloud base involves two steps. 

1. Find (he air temperature and dew point at ground level, 

2. FMiid (he height at which the .air tcmpevature (getting 
lower by rC each. 100 m) and the dew po'int (getting 
lower by rC each 5.50 mj are cquaK 

Figure 5 shows a sample problem on a day when the 
temperature at ground level is 26"C and the dew point is 
8°C. " - I ■ 
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1 5o 



2?00 

:'Ooo 

1000 
'IGOO 
MOO 
1200 
1000 
800 
600 
^JOO 
POO 
— 0- 




4 
G 
0 
10 
I? 
M 
16 
Itt 
20 
?2 . 
24 

26 



Figure 5 



Air loiiiporatLii'o 
(diops r C 
per 100 in*) 



Clouds loni) 
(Ah t(^!nprf aluf t> . Hew ()OM)t) 



0^- 



Dew pouit 
(drops r C 
onch 550 m) 



An easier solnlion than ihconc shown in 1-ipurc 5 involves 



using a sinij')!e fornuila. Here il is: 

"K'J^iglU of c!ou\! bolloni in meters \T1(\\^^^, - 

^xxw ^- ground level icniperaiure of air 
^Mp ^ ground level clew point 
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□ 7. Using (he formula, eheek the sample problem of b'ig- 
urc 5. ' ^ 

□ 8- Caleulate the height nt wliieh clouds could form today, 
(Record your method, data, and conclusions in your Record 
Book.y 

□ 9. (Optional) Can you derive the formula given for this 
type of problem? 



Building a Nephoscope 



Excursion 




A nephoscope Ks a device you can bniki and use (o measure 
the forward motion of a cloud. You will „ced die Ibllowin.- 



I pane of* window glass, 
approxinKUcly 21 cm 
X 21 cm 
I sheerer black p.apcQ cut 
^0 (he same size as (he 
glass j)ane 



1 waich, with sweep 

second hand 
i strip of jiiasking 

tape (aboui 20 cm) 
I marking pen (fine 
point) 



1. centimeter ruler (or metersffclc) -! drawing compass 




Black 
paper 



ACTIVITY 1. Clearly mark a point near the center of the black 
paper. With this point as center, use a compass to draw 
Circle of 5-cm radius. 



• a 



Anothor way to 
draw a circle 
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ACTIVriY 2. 1apo the blnck p.ipei wiih the ptMu il m.iiki. 
nexl to tho glass. They slioiild bo visit)lo through the gl. 




ACTIVITY 3. With the marking pen, trace over the pencil 
markings so that the glass sheet is marked like the black 
paper. 




ACTIVITY 4. Place the nephoscope as near a window as pos- 



sbie. v tr the open vene 



v'r ri?>'e ? "lea- view o' t'l? sKy. 
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Choose SOUK- clouds as iu-;uly ovcilu-ad as possible Siaiui 
bcMcic Ihc ncphoM-opc m a poMiion lioui winch yon can .see 
the icflocdon of (ho ch)ikls. ^-ou may need to' prop one edre 
of (lie nepho.seope on a book. Once you liave (his se! up 
(lM|;nic I), you are ready (o make mea.^m emen(,s. ^ou will 
need (he help of a pai lner, 



Figure 1 



'ouition ? 





ACTIVITY i). First, select a clenily idtMitifinble point ofi the 
edge of a cloud. Position youiself so that the reflection of 
this point is at the center of tlu> ncphoscope. 




Position I 



ACTIVITY 6. Then, without changing your position, have y<^^ur 
partner time the movement of the reflection. Record how 
many seconds it takes your chosen point to move from the 
center to the rim of the circle. Don't change Ihe^'position of 
your body until your partner measures'the height of your eye 
above the nephoscope. (See Figure 1.) Record your data in 
Table 1. 
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Table 1 



r DistjftK'c inovoti by roUcclion \ci) 


: 0.005 Tnc(ci- • ' 


Twwc i'.^ move 5 cm (!) i'**' ' " . 


■ sccoiuls 


Ilci^hl 01 c)c uhuvo ncplu>scO|)C (h) 


o mclors 


ijL.'^ l£si.imaicii hcighi of clouds (H) ' 
^Vl(Scc Excursion 5-1.) 


- jncicis 





Do not Ibigct lo change your nicasiircincnts of h and ^1 
(Yom ccn(iine!crii lb niclers. 

With a fornMiIa fVoni geometry, yc)n can nse the ineasuie- 
nients you have just niade to ealculatc the clistanec iravelccl 
by ihc clouds. 



!) 



1 1 X c1 



I) = Actual distance tra\'cleci by clc)uci 
11 ~j listiniatcd height of cloud 
d =^ Radius of ncp.hoscopc circle 
h 1-lcight of eye above nephoscopc 






H 
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|1. Wlial IS !hc di.sl,uK-c niovc-a hv iho clmKl^- 
1 12 Suppose- llu- csl..uau-cl hc.-jK (H) ^-^^'H) meters. Whaf 
ci.sta.u-c woulJ llic cloud have moved il all youi oihei meas- 
e the .same as bel'ore? 



urcuienls weie 

i J3. How fast did tlie ch)ud uiove m uicteis/see 



□ 4 Suppose you wanted to use this metliod to measure th? 
.speed ofa jel airci-afi. Wliat would you need to know? 

□ 5. How eould you improve this metliod of dctermmmj; 
cloud .speed'.' 
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And the Rains 
Came Down 



Figure 1 



You have been studying a number of events (hat (akc^ place 
■in the atmosphere. All these events ean load to off;e.,olher 
oecurrence that we associate with weathcr—precipilalion. 
This precipitation can be in the form of drizzle, sliowers, 
N 3now,c sleet, or hail. li all depends on the temperature and 
other conditions. 

Precipitation might be considered (he top rung of a ladder 
of events that occur in the air (Figure I). - 
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1 
1 



I Ml 



musi roiiLMii \v:UcM^\':ipoi :!!ul ^Oinr ^o!ul p.nlirK'N !oi 
roiulcnsalioii (o (<ikc \)\m'c. When lhririn|X;i c o! ihc .mi 
!c;k-Ik\s (lie Jew poiiH. llu; \\n(ci \:ipo! will eoiulciP>c t)!i llu* 
particle Miiraees {(.IhnI. snry)kc\ sail pailivlcs). I i^^uiic ?_ illiis- 
^ dales (he (oinialioii ol a eiinniliis eloiul Moisi an in lille^l 
aiul (lien eooleJ. The eloiid lo\\\\\ when llie ^Jew poinl is 
leaelieJ aiul w alei' bejMiis (o eoiulensr on small pai Deles 
(eondeiisalion iiiielei). 



Figure 2 




Cloud dropletr^ 



Dew F^oint l.cjvol 



j ^ ■ \ Rising moist aif 



The elcnul eonsisls oT very liny J roplels^. which well- call 
:lond' ciroplois." 
iMgurc 3 compares the si/es of a conjensaiion nucleus 
(dust or salt), a cloud droplet, and an avcragc-si/e raindrop. 
An average. raindi\)p is so lar'^e compared to the droplerand 
condcAsaiion nuclei that we' can only show jKut of it. 




Gondensallon 
nucleus (dust) 




iiu! oiil, you 



Now rJc\ncc back ai ihc lacUIn iii l 1. In ouKm [o 

l\o up from inng C'oiulcnsation, (c^ ium[\ 7, Pi ccip!{<\(ion, 
(n\n\'lli (r\in[\ OV of \\\c "cloud ciroplcls'' must lake |>lacc. 
About ono uulhou cKhk! clic^plcls aic uccclv(^ ioi a sin. ill 
laiiiJioi^ (o foiin! I low ciocs (Ins happcu'.' To lu 
'^'nd a pnrliKM will need Ihq lolKuvinj:: 

1 plastic straw ^ 
Rubber (ubnig, 2-ll)ol !cnj.Ub 
1 paiJ 
I comb 

Scotch tape or clay • 
" I'lat aluinmuui pic pan 



/ 



ACTIVITY 1. Carefully punch a pinhole on one side only of 
the plastic straw. Block^iip one end the sjraw with clay 
or tape. (The end must be watertight.) Fasten the open end 
.of the straw to. the rubber tubing. . 



J 



,Pin (cut pin holo, 
do not cut Hirough bottom) 




Push clay In 



Plastic straw 




Rubber tut)ing 



\ 



ACTIVITY 2. Set up the apparatus as shown. The top supply 



bucket should be about - 'i'"- 




Tray 



Plastic ^raw 
wiU^/pin hole 



Water 
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ACTIVITY 3. Hold the strnw lower thnn tlio water level in fho 
bucket. Slick on the pinhole until waiter starts to flow. Hold 
the straw in the pan so that the (oiintnin ir. vertical 




ACTIVITY 4. Observe the spray of water carefully. Pay partic- 
ular attention to the size of the droplets. Now, while you hold 
the straw, have your partner run a comb several times through 
his hair, and then move the comb close to the spray. Move 
the comb in and out several times. 




i 11. W'li.u Jul you ol.st-nc happciuiii', ulirn llic co,n|) u.,s 
broii<j;li( closo lo !lu- \pi:\\-) 

1 12. What hapiViuHf (O (he si/c of (ho d>oplet.s wlicn (l,c 



^p^^y/ 



comb moved (owarcl ami away (rom (lie 

l.]3. i],vc your exf^lanadoi) oC why the e.^nib al1ee(s the 
watei .spray? 

( 14. Doe.s Ihi.s nive.sli!-a(ion siij.oesl wha( nuj-jK eaiise (uiy 
cloud dioplcLs (oeombiue (o (orm ra!ndrnp.s'M:xplam your 
a IKS we r. 



r 



I 



I 



Nie fnedon (ha( resuK.s when a eouib rs run (hroM,di dry 
lia.r prodiiees an elee(ne (-liarye on (he comb and (he hair. 
T his elia.ge has been de.serdn-d . in de(ail in Volume 2 of 
ISCS. i;iee(ne ehar-e ean produee a Coree oC a((rae(iQn be- 
(Nvcen objeels. As yon brouglK the charged eomb near (he 
\va(er spray, (he drople(s probably iuereased m s./c. It is 
reasonable to a.ssunio (ha( (his eharge was eaiised by (he 
^ciia.-e on (he comb, liny (jrople(s were a((rae(eJ (o eaeh 
other and combined in(o larger ones. l-lee(rie eliai'ue also 
exists in eloud.s. Therefore, it is reasonable (o (hmk (ha( (his 
cliaroe may cause (he forma(ion of ramdiops. 

Tlicre IS anodicr fae(or m raindrop formatioA (ha( .some 
meteorologists (hink is even more important than the' pies- 
cnce of electric eharge. Vhis fa^or is the presence of ice 
cry:,(als in clouds. |-igure 4 .show.s how (he temperature in 
a cloud may vary. In large clouds exteni,lmg (o high altitudes 



FroezinQ 0^ C 
point 

+ 10^ C 




Freezing line 



^ Ice crystals 

^ Supercooled 
droplets 



Is 



o 



/ 



Figure 4 
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(ho (cnipcialiiK* may l>o well luMow llu' Cicc/mf^. poiiU of 
WMlrr. '\'\\c waloi cIio|>Ums a( aliiliulcs c (he \\nc 
will be ct^KIci ihat^ (Uo tUHVin;' point ol waicM, aiul ^(Ill Ik* 
lujuicl These clioplclN aic ealK\l "siipei coolc dioj^lcls. 
Some lee erystals wall also exist \\\ (he eloiKl IC a Jioplel^ 
eollides watli an lee oiyslal, ihe su|KaeooU\l Jioplel nmII 
nninediale!)' liee/.e on (he snijaee ol' (he lee eiystal It (Ins 
|Moeess eondnues, the lee eiysial nhiy heeonie hea\'y enough 
lo lall thronrji the elonJ. IT (he eivs(al (alls (hIO\i^h waiin 
ail. i( inav ineh aiul leaeh (he jmouikI as a laiiulrop. II (he 
e!ys(al fails (hronj;h air (hat is below liee/m;;, iho prccipi 
(alion may be m (he form of snow or sleet. 

If yon aie in(eres(eJ in iinclinj^^ t)n( how hail fcMins, Uike 
a look a( Excursion 7-2, ^^Cunnilonnnbus/' 




■I &'.9 




I 




This cxcui'sion bhoukl he done on Jay when ihero are 
eiumilus clouds. I'lgure I shows a ly|:iieal display of cuinidns 
cknids. f Figure 1 




ACTIVITY 1. Go oMtsl(Je, lie on tfio ground, pick out o single 
cumulus cloud, ;iud obsci ve it foi M loasi three iniiuitcjj. T tieii 
select another cloud, ami again. ol)serve \\ foi ttiree minutes. 



i I't. LiM (hr chanr,cs \o\] ohsmrti loi ihc (wo ^.iiinuliis 
clouds. 

i i2. Conipaic niul coiUiasl ihc hcha\"ioi of holli cloiuK. 

IcaiiUHl cailici in \U\\ iinil (h:il il" waiui, nioisi an 
Mscs, i( will cool. The waici \ apoi will coiulcnsc on (iii) soIkI 
suifarcs, loinun}\ a cloiul. Cunuilu\ clouds, wa(h Ihcii jMinv, 
hcapiin; appeal ancc, are (oinuxi w'lieie upjiafls oi nuasl, 
warm air oeeiu. You inij^lu ha\'e noiieeJ lha( the clouds you 
obse: \'ecl cliani\e<.l cpnle dramalically. Perhaps the cloud 
nio\'cd lun i/ontall) , broke apaiL faded away, or r.rew hu i^er. 
(!eueral!y these clouds doua last (oo I^Mi^; because (he aii 
suirouiuhng them is usually cpule dry. This chy air causes 
(he cloud droplets lo e\'apoiate an<.l become in\'isible water 
N'apor. ' 

Some cumulus ck)uds, lu)\ve\er, arc hu[',e and may last 
Jong enough (o produce violent weather. Ivxamples of ihOse 
clouds are sIiowmi in iMgures 2 aud 3. 



■m 



5 ^-^'^ 



M 





Yon probably kn(>w dial ihc cloiuls shown in l igurcs 2, 
ami 3 arc ciinniloiiirnhus clouds. Perhaps you fiave seen 
one reeerXly. ^'ou may renienihei (ha( wiiul, fhuruler, light- 
ning, rain, ami perhaf>s e\'eii hail may have been associated 
with it. How does a cloud get so big.^ Wliat happens inside 
these clouds to produce a violent thuntierstorm? 

ACTIVITY 2. Figure 4 shows drawings of the same thunder- 
cloud at different times. Using the vertical scale shown In the 
photographs, determine the height, In feet, of the cloud at 
each time. 



1 .00 P.M. 



B 



2.00 P.M. 



3:00 P.M. 



15.000 ft.rr 






Figure 4 



□ 3. How tall (from bottom to top) was the cloud at each 
time interval? 

□ 4. What was the rate of growth of the thundercloud? 
(Hint: How many feet did it ''grow*' per hour?) 
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Rising air in some thunderclouds may have upward speeds 
of 60,000 to 100,000 feel per hour. At such speeds the air 
may climb above the condensation level very rapidly. If the 
surrounding air is relatively high in hufnidity, the cloud may 
^row to 40,000 feet or more! 

Inside the cloud, air moves violently up and/or down. 
Figure 5 shows the nature of the air motion in a cumulo- 
nimbus cloud. ^ 
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— 30,000 



^ 20.000 



- 10.000 




7 T 



■V 



Qround 




Oowndraft 



Heavy 
rain 




Downdrnft 



Light 



Notice that atJirsI the air motion is predominately an 
updrafi. During maximum development of the cloud, the air 
moves both in violent updrafts and in downdrafts. Finally, 
the upward motion, which supplies the moisture, ceases, and 
the cloud consists only of downdrafts. 

Let's examine one important effect of the ups and downs 
of air in a cumulonimbus cloud. This effect is called hail. 
Although most hail is about pea size inch), some hailstones 
..m^y be as large as tennis balls (2^ to 3 inches in diameter). 
A close irtspection of hailstones reveals that they consist of 
a scries of layers of ice in concentric j^hells. See Figure 6. 




The formation of these ice layers requires the presence 
of strong updrafts. 



Figure 5 



Figure 6 



□5. Why do you think strong updrafts are necessary in 
forming hail? 
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K ail \LC i:\ys\;\\ (alluij* ^!^o\lL^I^ !l]c clone! is (.■;U]p^lH in an 
uj^cliaft, II c:u\ coWccl luoic drop\c\\ on iis snifacc. The crys- 
tal ihcn cI^laIJ',c^. Near ihc lop o( the cloud, (he force of 
(lie iipc!raf( (Iccieases. ! he iun\ laijn'i C! Ys(at falls again, 
collecdnj'; mcMc ice on i(.sm!j lace If u is luuleci iijnvaid again 
by (he up(iiaf(.s. sdll nuMc ice collec(s. 

( )6. \Vha( wonk! cause (he hails(one (o finally fall !o (he 
earth? 



Imagine lunv sfrong (he updraffs nnis( be (o produce hail- 
.s(ones (he si/e of (ennis balls! 




Weather Prediction Excursion 7-3 

and Forecasting 



Have you been wondering how meteorologists can predict 
the weather tVoni data like that shown in Table 1? How can 
they combine several kinds of information to interpret and 
forecast the weather? 



Tabl« 1 



Day 


Time 


Temp. 


Wind 
Dir. 


Wind 
Speed 


Cloud 
Type 


Cloud 
Cover 


Prc- 
cip. 


Bar. 
Pres. 


Rcl. 
Hum. 


Dew 
Point 


20 
21 

22 

23 


1:30 
2:05 
1:50 

1:45 


'I7"C 
20°C 
10°C 

5°C 


S 
S 
N 

N 


8-12 
8-12 
25-31 

8-12 


Stratus 
Stratus 
Cumulo- 
nimbus 
Clear 


T 

o 
o 


1.5 cm 


29.90 
29.88 
29.81 

29.92 


55% 
83% 
\00% 

29% 


13°C 
18"C 
10-C 

~9°C 


24 























How well can you interpret the <iata in Table 1? Can you 
predict what t^te next day's weather will be? Notice that the 
data is for a four-day period. Data for a fifth day (the 24th) 
is not included. You will try to predict this data. Study the 
patterns in each column before trying to answer the following 
questioas. 

17s 
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I'll. What kind of fVotiji is niovifig across tliis area? 

(12. If you knew tliat the ccmiIcm of fiij?Ji prrssiirc was due 
to arrive on the 24th, predict what would happen to each 
ol the following quantities just af tei it arrives. ((\)mplete (hat 
part of lablc 1 in your Record Book.) 

1 ( MIM'RATIIRI: (Drop greatly; drop slightly; no change; 

rise slightly; rise greatly?) 
HUMIDII Y (Drop; stay the same; rise?) 
CLOUDS (Stay clear; get cloudy; if so, what types?) 
WIND (None; strong; light?) 
PRIICIPn AI ION (None; some?) 

Fortunately, the weather pattern shc^wn by the data in 
Table I is a fairly clear-cut case of frontal movement. The 
air pressure dropped slightly and then rose rapidly just be- 
fore the first part of the high-pressure area arrived. The drop 
in temperature shows that the high-pressure area was the 
result of an advancing cold air mass. As the cold mass moved 
iilto the area, the relative humidity rose, water vapor con- 
densed into clouds, and ram fell. After the cold air mass 
replaced the warm air, the air was clear, cold, and fairly still. 

Most weather predictions, or forecasts, are for. less than 
48 hours. They are called short-range forecasts. Careful anal-^ 
ysis of the daily weather map (which you can obtain from 
a daily newspaper) coupled with the observations you make 
of temperature, pressure, humidity, and cloud type, will ena- 
ble you to make 48-hour forecasts. 

Table 2 describes signs to look for when making short- 
range (48"hour) forecasts. 

ACTIVITY 1. For the next three days, continue to gather 
weather-watch data. Each day, study your observations and 
make a for^ast of the next day's weather. In addition to 
mailing your own observations, consult the dally weather map 
posted in your room, or look in your newspaper. 
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T«bl« 2 



Weather 
Hlemenl 




Probable (^hanj^c m Wcathci 


Air Pressure 

/ 


Rapul drop 


I ront approaching —ram or 
snow 


Rapid nsc 


- - V 

Trout moving out -clearing 
and fair 


Steady 


Weather remains same. 


Clouds 


Puffy, scattered 
cumulus 


!*air weather 


Afternoon cnnni- 
loninibus clouds 


Thnndcrstorms 


Altostratus 


Warm front — no rain unless 
cloud type changes 


Mfsccllftncous 


Cool, clear day 
with little wind 


High pressure over region — 
weather will probably remain 
fair. 


^ndden change 
in wind direction 


Advancing or receding front 



Your forecast should be recorded in your Record Book and 
you may also want to post it on the chalkboard or bulletin 
board. Try to include predictions of the following in your 
forecast: 

1. Cloudiness (increase, decrease, remain the same) ' 

2. Probable wind direction ^. 

3. Probable wind speed 

4. Barometer reading (fait rise, remain the same) 

5. Probable cloud types 

6. Probable temperature range 

7. Precipitation expected (an[iount and type) EXCURSION 
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As each (\.\y p.v.>S(*v .ilso !n<ikr <\ note of youi success. I'.vcn 
witli computers, abuiulaut ciat.i, aiui luniieKnis olrscrvcrSr 
pro('cssu>naI weathn prcci.jctois ofteu have a "baffiug avcr- 
aj;e** oT ouly UY'r ,1{Y o. M youv picdictious arr coi iccf even 
Lrat^ tliC' Inne, you are cit)ing pretty welT 

^'ou can do voui (oiecast woik at the sanu' time that yo^i 
arc beginning the next Onit liy wot to let newspaper or - 
- television weath^ist (oiecasts allect youi own p! edit'tiohs! I'hc 
object oCihK activity rii, to tcsf how well modcL works 

for prcdic^mg, uqI Io make p(|r<ectly accurate fbitcasts, 

^ /ACTIVITY 2 (Optional). If yoii>»are Interested, try making an 
v^Xterti^i^ forecast. An extended forecast Is usually a weather 
f^redlcxffi^v^ to about a wpeR in advance. Extended forecasts 
afre ^ge^er^l. forecas^tii* Therefore, you should not be con- 
cerned^i9ll^M^etans as you v/ere for the sh6rt'range forecast. 
For the rtcd^V^k, predict what you belleVb the outlook will 
be tqi^^MB^ of the following. 

TemperaF^^ 6r fielder iha{;^jakarft)al fdr that time 

; ol year) /- vi ^ " P^^"^ 

PrecipiKitlon (More rdtoy or?#^s rainy than normai for that 
time of year) , 
Movement pf fronts through ybur area 

In order to give a.geyckil ,forcca5;t, you may want to find 
^out whatjhc normal .tenV^(M\atu res and precipitation amounts 
are for V<^tir' local are^. You inay also wa)U to look af* 
weather^tellitc phot6graphs ol"^ the .cl6uds over the earth's ; 
surface- AVVjKlcave that up to you! ^ 
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PICTUR^CREDITS 



T .-- Top 
B - Bottom 
L ^- Loft 

\ . R : . Right 
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